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COMPOUNDS AND PHARMACEUTICAL COMPOSITIONS FOR THE TREATMENT 
AND PROPHYLAXIS OF BACTERIAL INFECTIONS 

This invention was made with US government support under 
grant number R01AI2S549 (S.J.E-) and training grant AI07172, 
5 both awarded by -NIK. The US government has certain rights in 
the invention. 

FIELD OF THE INVENTION 

The present invention relates to methods for the treatment 
and/cr prophylaxis cf diseases caused by tissue- adhering 

10 pilus- forming bacteria by interaction with the binding 

between pilus subunits and periplastic chaperones. The inven- 
tion further relates to methods for identifying/designing 
substances capable cf interacting with periplasmic chaperones 
and methods for identifying binding sites in periplasmic 

15 chaperones. Finally, the invention relates to novel sub- 
stances capable of interacting with periplasmic chaperones as 
well as pharmaceutical preparations comprising substances 
capable of . interacting with periplasmic chaperones. 

BACKGROUND 0? THE INVENTION 

20 Pathogenic Gram- negative bacteria cause a number of patho- 
logical conditions such as bacteraemia, bacteria- related 
diarrhoea, meningitis and (very commonly) urinary tract 
infections, i.a. pyelonephritis, cystitis/ urethritis etc. 

Urinary tract infections are one of the major causes cf 
25 morbidity in females. Despite the overall importance of 
urinary tract infections in women, there have been few 
efforts to apply novel strategies 'in order to treat and/or . 
....prevent .-these diseases. Commonly., conventional antibiotics 
are used to treat these infections, such as treatment with 
30 penicillins, cephalosporins, aminoglycosides, sulfonamides 
and tetracyclines; in the special case of urinary tract 
infections, urinary antiseptics such as nitrofurantoin and 
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nalidixic ac'd a'-e euro'' 

biotic resistance win ia e th6 T' 

biotic resistance air,ong cTesTuronL, ^ " KUltiple aaci ' 
« bas been estimated that the ac ^ " * 1 * C ~ Sin *' * 
treatment of women with urinary trJT- T m 
billion dollars, m addition "Actions exceeds one 

yearly 4 billion .outtT^^T^ <* 
ticns is a conseguence oi ? urinal " * 
10 causative agents of urina-y Z*7. iafectioas ' *h«ff the 

coii clearly pre tot s l^ a£eCtiMs ' 

among Grain-negative bacteria. 

Pathogenic gram negative bact-ria ro fa - , 

Haemophilus influenza- Sa^nZ-V 7 coii, 

13 ««*««aitic. Helicobacter ^ ^ V" *' 

owe part of their in— ««b«fella pneumoniae 
various epithelial ^T^sVTl ^ " ^ « 
epithelial cells in the uooer urin = ° ChS 

flushing effect of unidi-ec^l ^ ^ ^ S?itS 

0 kidneys. . ai -^-onal flow of urine from the 

As indicated abcv« -ho 

*■ « v-ie-^ o £ diss^ ^sTt^ ^ ~ ^ed 
acute diarrhoea «. «,;<' ^"tons «. cW i), 

«PP>. meningitis „. ^ 2ti " — *1— U. 

(S. pertussis), plasue (y " " -"«»««). whooping cough 

respiratory tract ^cI^TTk ' VmmU * "* <*« 
and peptic ulcer (ff. _ * M "«>=iae. «. irriueorael 

The initiation and cers-'stenr. 

.«* as those described tZ i ^ ia£ ' C " C " 
presentation oj adhesinsT \ SOt to l "« ul » ««' 

aocessiMe coo ig^^ " ** i " 

=r other ceilular responses C^T ^' inCe ^i« t ion 

conponents of the ionc th'i, % , """^ "» 

Protein appendages known a, ' li Tl' 0 "' 

own as p_u, rtiririae. or fibrillae 
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(these three terms will be used interchangeably herein). The 
bacterial attachment event is often the result of a stereo- 
chemical fit between an adhesin frequently located at the 
pilus tip and specific receptor architectures on host: cells, 
S cften comprising carbohydrate structures in membrane associ- 
ated glycoconjugaces. 

Uropathogeaic strains of E. coli express P and type 1 pili 
that bind to receptors present in uroepithelial cells. The 
adhesin present at the tip of the P pilus, PapG (pilus gsso- 
10 ciated polypeptide G) , binds to the Gala (1-4) Gal moiety 

present in the globoseries of glycolipids,- while the tvoe i* 
adhesin, FiaSi, binds D-mannose present in glycolioids and 
glycoproteins. Adhesive P pili are virulence determinants 
associated with pyelonephritic strains cf E. coli whereas 
15 type l pili appear to be mere common in E. coli causing 
cystitis. At least eleven genes are involved in the 
biosynthesis and expression of functional P pili; the DNA 
sequence of the entire pap gene cluster has been determined. 
P pili are composite hetercpolymeric fibres consisting cf 
flexible adhesive fibrillae joined end to end to pilus rods. 
The pilus rod is composed of repeating PapA protein subunits 
arranged in a right handed helical cylinder. Tip fibrillae 
which extend from the distal ends of each pilus rod were 
found to be composed mostly of repeating subunits of PapE 
25 arranged in an open helical conformation. The PapG adhesin 
was localized to the distal ends of the tip fibrillae, a 
location which is assumed to maximize its ability to recog- 
nize glycolipid receptors on eukaryotic cells. Two minor 
pilus components, PapF and PapK, are specialized adaptor 
30 proteins found in the tip. f ibrillum. PapF links the adhesin 
moiety to the f ibrillum while PapJC joins the f ibrillum to the 
pilus rod. The composite architecture of the P pilus fibre 
reveals the strategy used -by urcpathogenic E. coll to present 
- the -PapG adhesin to eukaryotic receptors. The rigid PapA rod 
35 extends the adhesin away f rem interference caused by LPS and 
other components at the bacterial cell surface while the 
flexible f ibrillum allows PapG steric freedom to recognize 
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• 3nd bind Co the dicalactoside moiety ~ t . 

With a few exceptions ti- s *r^ , uro ^itheliun. 

5 ttaff. - b - lllar C1 P adhesia is known as- 

The assembly of virulence -associa 

pathogens retires the funccion ofperiol ■ 
■ Molecular chap aronas ara vi * °! P eripl ^= chaperones. 
cells, profcaryotic cT" " ^ ^ 

10 cf cellular functions i.cl^^^T^ 3 MCT * 3 V ^«y 
proteins is various c»v..o a _ „ ~ 1Ir,port and export of 

• wh i;!! « r :/"; ? : c s !f: c ch3per ~* is • «««« 

hacteria. ' » the P« ipl asmlc space i n 

mesfcerof a conserve fiai - y , 0£ " 1S . Ch = »»«*». 

Gra.-neoative bacceria. Thes. ch^^T 
20 which is care of a cenera' st~-a^ f ^ 3 """'^ 
- parUUoo interscc^^ ^cec" " « 

PUsaic space into asse* ly ^J?*™" the »«*• 
produecive interactions Javou£u" ST"' 
thres.di.T S .-,sJoca- stmct-a 0 . " St,a,ra «'« »! the 

2= of two issaoslobulin.K*: d '~<? revea1 -^ it consists 

shape such that a cUfct 72 IT Z££J* » 
PUus subuoic types as they emerge £ r~ 1 " "* ° £ 
membrane and escorcs the.-, <n asself la smic 
=onfor»cions fro. ch, cyCTsltTj.T*'^ 
»0 assecfc ly sices co^rised of ^aoT p«?£T " ° UCBr — «« 
•xolecular usher sir.ee it -ceiias - 1 a 
and incorporates, or ushe-s ch. *'f t * z °'"- s '*™'-t complexes 
inco-rh. S rowi„ s ^^^^ — 
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9 enecicau y weU characce-'-d on' 

° pllus syacens in Gram-necacive 
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prokaryotes contain a gene analogous to PaoD (Normark et a' 
15SS; Hultgren. ec al. issi) ; cf. also table A. FanE, faeS,~" 
sfaz, dps and fii-D have been sequenced (Lintermans, 1990- 
Scroll eC al., 19=0; Herein Y et al., 1993; Bakker et al.', 
1991) and encode pilus chaperones required for the assembly 
of K99, K38, S and 717 pili, respectively, in E. coli. The 
assembly of Klebsiella pneumoniae type 3 pili and Haemophilus 
influenzae type b pili requires the mrkb and hifB gene pro- 
ducts, respectively (Gerlach ec al., 1989,; Allen et al. , 
1991) . The structure- function relationships of all of these 
chaperones have been analyzed using their" amino acid 
sequences and information from the crystal structure of PacD 
(Anders Holmgren ec al . , 1592) . The results have provided " 
insight into the molecular intricacies that have been evolu- 
tionary conserved in this class of proteins and suggested 
significant structural similarities to immunoglobulins. 



20 



PapD is thus the prototype member of a family of periplasmic 
chaperone proteins which are necessary for the correct 
supramolocular assembly of bacterial pili. Chaperones such as 
PapD in 2. coli are required to bind the above-mentioned 
pilus proteins imported into the periplasmic space, partition 
them into assembly competent complexes and prevent not -ore - 
ductive aggregation of the subunits in the periplasm (Dodson 
et al. , 1993) . 

25 In the absence of an interaction with the chaoerone, pilus 
subunits aggregate and are proteolytically degraded (Kuehn, 
Normark. and Eultgren, 1991) . it has recently been discovered 
(Strauch, Johnson and Seckwith, 1989) that the Deg? proteas- 
is greatly responsible for the degradation of pilin subunits 
in the ahsence of the chaperone. This discovery has allowed 
the elucidation of the face of pilus subunits expressed in 
the presence or absence of the chaperone using monospecific 
•antisera' in western "blots cf cytoplasmic membrane, outer, 
membrane and periplasmic proteins prepared according to 
35 standard procedures. Expression of papG or papA in the degF4i 
strain (a Deg?- E. coli strain) in the absence of a chaperone 
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• was toxic to the bacteria duo ^ ' 

Proteins in the cytoolas^™ Elation of these 

^^^^ 

mic space. The severity of rh* - . Che P er i?las- 

eraUy more drMacie with p ^ «* ~ sen . 

the centre! 0£ , h ; ^ZZg-JZ"**"*"* ° ! 
rescue* the growch de£sc£ associateT^* Pr ° IO " r 
: fa the d e ? P„ strain a^ al w"*t to s ' ^ ressio » 

1° periplasm. a -° S t0 be ported into the 

as croa «„ t : ad T a Q c f;^ ;-- — - ««. 

target proteins in a serenes i,*^ t^f]^* 

15 s ^rook, 1992) . Rece-tlv , ' (Gc=t.-.rr.g and 

binds rnainlv via t^ a ^ 71 ^ ^ SU ^ SCed 'hat M« 

phobicity and the abilit"y c^th^ Side * chai * 
aaphipathic a-he^x fr.J ' 1 * " arSSt se ^ sa « to. form an 
fers, however, ^ ' ^ ^ ' ^ « " 

The three-dimer.sior.al structure 0 * 

solved (Kclmrren and Brands ° PWvlott ^ 

consist of two globus- d-^ 5 : . 13 h£S Sh6W,i to 

. 25 -rail shape J t*^^^^ 1 -- *™ 

cleft between the ^ ^^^^ a 
structure formed by two antioa-al^i * 7 ^rrei 
tightly together to for* a hvd^ni , • /"* ShSetS ' 
similar .to that of an i.^^!^ 3 CC?01 ^ 

30 domain of PspD most res^^^^ N- terminal 
the Cterminal demain of Paz>n J ln Whils = 

• (de-vos et al., 1993). -PWth .hormone receptor 

A structural aliqiure-'i- >,«,-. 

3S cheperor.es precicH to IZT T ■"* P«*U«le 
P ..... «-a to have a sinllar ionunoglobuUn-lik. 
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structure has identified invariant, highly conserved and 
variable residues within this protein family (Holmgren et 
al. r 1992). Most conserved residues seem to participate in 
maintaining the overall structure and orientation of the 
S detains towards one another. However, two conserved residues, 
Arg-8 and Lys-112 are surface exposed and oriented towards 
the cleft between the domains. Site-directed mutagenesis of 
the Arg-8 amino acid has shewn that it form at least part of 
the pilus subunit binding pocket (Holmgren et al., 1992; 
10 Kuehn et al. t 1993). 

From a sequence analysis of a number of the above -mentioned- 
pilus subunit proteins, it has been, observed that they pos- 
sess a number of common features including homologies at the 
C termini (see also example 2} . It is thought that these 

15 similarities in sequence may be responsible for some function 
common to all the pilus proteins, such as binding to uheir 
- periplastic chapercne. Indeed,, the . C- terminal region of the 
P-pili adhesin PapG has already been shown to be important in 
the in vivo binding to PapD (Kultgren et al., 1989). Table A 

20 lists 16 periplasmic proteins, all' involved in assembly of 
cell surface structures in pathogenic bacteria and ail with 
significant homology with PapD. 
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Organism 

coli 
* • coli * 

coli 
S. coli 

r. con 

coli 
coli 
coli 
co2i 
^. coli 
coli 

^. coJi 

pneumoniae 
pe.rtL\ssri.s 



Chaperone Structure 
Assembled 



PapD . 
riaC 
Srae 
Fa«s 



cipr 

fiCpl? 
F±d3 



? pili 
Type 1 pili 
S Pili 
K 88 pili 
K99 pili 
CS3 pili 
F17 pili 
CS31 A 

net identified 
A-~Cigen CSS 
Nocfi-brial adhesia 

Aggregative Adhe- 
r er.ca Fimbria 1 



Reference 

l*uad ec al., i 587 
Kletnra ec a!., 1535 
Schmoll ec al. # 1$90 
Bakker ec al., i 9Sl 
Bakker et al., 
Jalaiakcmari ec al., 19s 
Lintermans ec a:., i$ B0 
Serein ec ai., 1993 
Raisa ec ai., 1993 



20 



5. ezzeriditis Ssf3 
S. typhxauTitm PefD 
influenzae J£f,£3 
i\ enreroco2icica My £2 
y * Ps*ci* p 5a3 

pes Lis Cat IX 

nirabilis 

re&c 



Type 3 pili 
**P« 2 & 3 pin . 

unknown pili 

unknown pili . 

fibrillae 
pHG antigen 

71 e = v elcpe an: 
>5>/P Fimbriae 



Allen et ai., 1391 

' jocht ec a:,. 1992; 
Willercs ec ai. 199^ 

Cloushier ec al.. -993 



Saith ec ai., 1993 
Iriarte ec ai., 1953 
-indler ec ai., 199, 
igenGalyov ec ai.. i 99l 
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* J -' Rl ^ s <=ha?erone- is prese— ,1, I ' ! — 

cf this facily p r oduI e c£e 1" p&.*" t,n *«««*— all nsnters 

In summary, the three -dim~. s 

as the function of c ac5 StrUCCUre of *W» as well 

toown. whereas the exact ifc^ ?£f &S f ° are 

the ~. 1- ^ u^c'wn ::r ea papD - 
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chaperor.es make them interesting targets for drugs designed 
primarily to reduce the pathogenicity of bacteria which 
adhere by means of pili ; for example, a drug which blocks th* 
binding between a chaperons and the pilus -subunits (thereby 
5 interfering with the assembly of the intact pilus) will 

interfere with the formation of intact pili, thereby reducing 
bacterial capacity to adhere to host epithelium. 

In order to design such a drug it is! of great value that the 
motif of binding between the chaperone and the pilus pro- 
tein (s) is known in detail, in order to develop the method to 
effectively identify compounds capable of blocking this 
binding. 

An aspect of the current invention relates tc a method for 
the treatment and/or prophylaxis of diseases caused by tis- 
sue-adhering pilus-fcrming bacteria, comprising preventing, 
inhibiting or enhancing binding between at least one type of 
pilus subunit and at least one type of .molecular chaperone in 
the pilus -forming bacteria, which molecular chaperone binds 
pilus subunits during transport of these pilus subunits 
through the periplastic space and/or during the process of 
assembly of the intact pilus. 



As used herein, the term "pilus". "fimbria", or "fibrilla", 
relates to fibrillar he ter ©polymeric structures embedded in 
the outer membrane of many tissue -adhering pathogenic 
25 bacteria, notably the pathogenic gram negative bacteria. In 
the present specification the terms pilus, fibrillum and 
• fimbria will be used interchangeably. A pilus is, as 
explained above, composed- of a number of "pilus subunits", 
which constitute distinct functional parts of the intact 
pilus. A very important cilus subunit is the "adhesin", the 
pilus subunit which is responsible for the tissue -binding 
capacity of the bacterium. 

By the term "molecular chaperone" is meant a molecule which 
in living cells has the responsibility of binding to peptides 
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in order to nature th* ■ • 

of peptides into thei- nativ* P«*«« of folding 

S =uc of or l.-np 0rt inco ths " tn « Process of export 

"olecular chaperons. -„ . , WwJm. Specialized 
bactarial TO U«la" ^'^^^ Irenes-, „ hich are 

„ cnaperones exerting tbetr- 

J« "Periplast space- (the space bett" t L 
outer bacterial cesbraae) Pe-^<». 6 
» involved in tne I ^ ^s^T" 

<*an used herein, che si, Di , ^ " ? 

secular, periplast chan-cn". Z ' * » 
caced. a.— on. a. cochins else < s i., di . . 

When using the phrase -one tyoe c" i, , 
" " chepero,, in S.sclon is" !"" ~ 

species. However. esp.oi.Uv the fac^a-' tbe 
homology between d* ' • e_s ls e ^£=sive 

cheperones renders It' 7^/ t^thl P " i?ia ^= «*«"*~ 
type of chaperons us'nc e I . ^"forence "iSb one 

■>r ► us.ng e.g. a compound w-'n • 

2C to also use the ccnoound <n icte * 11 1C P^sible 

rones. " with other chape- 

The phrase ''preventing, inhib^rvr ^ u 
between piles subunics and a- 1 ' 
in the pilus-forcing ban— ,MU <* 1 « chaperone 
=5 interaction between a chao^one'a^ i I" ^ 

the pilus subunit, is ^! n " l,r * 1 Usa=lS ' 

Pletely or m^^^Z^T *■ «~ 

inhibited, or ^r,^ "Tol^^'^ « * 
an extent that the b<--<,- ^ ,S!: ' r **» e * « * rach 

30 is measurablv low- t>« is ^^i" co the chaperone 

interacting wicb the pil4 *" iS 

substantially identicU ^^.^^f *** «« 

i°ns -and other molecules) t ** C?0!!eo ««ion of 

periplastic space. " "\ ""^ * ^ 

35 between the chaperone 1, ^"T^"* ° ; bi =«°S 

that the Mndino of f 1 " SUbUn1 '- *• «e* 

P--L. sennits to the chaperone is r.easu- 
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rably higher than is the case when the .chaperons is interac- 
ting with the pilus subunit ac conditions which are substan- 
tially identical (with regard to pil, concentration of icns" 
and other molecules) to the native conditions in the psri- 
5 plasmic space. Measurement of the degree of binding can be 
determined in vitro by methods known to the person skilled i 
the art (micrccalorimetri , radioLnraunoassays, enzyme based ' 
immuno assays, etc). 

It should, on the basis cf the above, be clear that preven- 
tion, or inhibition of the normal interaction between a pilus 
subunit and a chapercne should have a substantially limltir.c 
effect on pilus assembly. However, an enhancement cf the 
binding between pilus subunits and chaperones may also prove 
to be devastating to a bacterium. As will appear from examols 
15 2, different pilus subunits bind to PapD with different 

affinities and affecting this narrowly balanced system may 
also cause a limitation on the rate and efficiency of pilus 
assembly. 
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It is believed that even modest changes in the binding 
between pilus subunits and chaperones can have dramatic 
imcact on the efficiency of pilus assembly, and thus on the 
ability of the bacteria to adhere. For example, if the char.g; 
in the binding between a chaperone and one pilus subunit is" 
such that the normal order of affinities between the chapero- 
25 nes and the pilus subunits which normally bind thereto is 
altered, then the normal assembly of the pilus should be 
disturbed, since the order cf assembly of the pilus may be 
dependent i.a. on the affinities between the pilus subunits 
and the chaperone: The cilus subunits with the highest affi- 
nities to the chaperone may be incorporated before other 
pilus subunits with lesser affinities. 

--Thus, prevention, inhibition or enhancement of binding 
between pilus subunits and a periplastic molecular chaperone 
have the effect of impairing pilus assembly, whereby the ' 
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, 9 infected with, tissue-adhering pilus- forming bacteria which 
are believed to be pathogenic. 

Ey the term "an effective amount" is meant an amount of the 
substance in. question which will in a majority of patients 
5 have either the effect that the disease caused by the 

pathogenic bacteria is cured or, if the substance has been 
given prophylactically, the effect that the disease is pre- 
vented from manifesting itself . The term "an effective 
amount" also implies that the substance is given in an amount 
10 which only causes mild or no adverse effects in the subject 
to whom it has been administered, or that the adverse effecis 
may be ..tolerated from a medical and pharmaceutical point of 
view in the light of the severity of the disease for which 
the substance has been given. 

15 The route of administration of the substance could be any 
conventional route of administration, i.e. oral, intravene- 
bus, intramuscular, intradermal, subcutaneous etc. The oral 
route is preferred. 

The dosage of such a substance is expected to be the dosage 
. 20 which is normally employed when administering antibacterial 
drugs to patients or animals, i.e. 1 p.g - 1000 pg per kilo- 
gram of body weight per day. The dosage will depend partly cn 
the route of administration of the substance. If the oral 
route is employed, the absorbtion of the substance will be an 

25 important factor. A low absorbtion will have the effect that 
in the gastro- intestinal tract higher concentrations, and 
thus higher dosages, will be necessary. Also, the dosage of 
such a substance when treating infections of the central 
nervous system (CNS) will be dependent on the permeability of 

30 the blood-brain barrier for the substance. As r is well-known 
in the treatment of bacterial meningitis with penicillin, 
very high dosages are necessary in order to ohtairi effective 
concentrations in the CNS. 
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stance is administered to patients infected with the 
bacteria. 

Thus, the method of the invention for the treatment and/or 
prophylaxis is especially intended to be used in patients 
5 which are infected by bacteria selected from the group con- 
sisting of Haemophilus spp, Helicobacter spp, Pseudomonas 
aeruginosa, Mycoplasma spp, and all members of the Sntercjbac- 
teriacieae family, including Escherichia spp, Salmonella spp, 
Sordetella spp, Yersinia spp, Proteus spp and Klebsiella spp. 

10 In this connection, especially the bacteria selected- from the 
group consisting cf E. coli, Y. pestis, Y. enterocolitica, B. 
pertussis, K. pneumoniae, S. typhimurium, S. typhi, S. para- 
typhi i , Hal i coba c ter pyl ori , Pro teus mirabi lis and Ha emcphi - 
Jus influenzae are regarded as infectants which cause infec- 

15 tions which can be treated and/prevented by the use cf the 
method according to the invention. 

Accordingly, in important aspects of the invention, the 
binding of a pilus submit to a chaperone selected from the 
group consisting of PapD, FiziC, SfaE t FaeE, FanE, Cs3-2, 
20 Fl ID f ClpE, EcpD, Itrkb, Fir3, Sef3, Hi£3, MyfB, PsaS, PefD, 
YehC, MrpD, CssC, NfaE, AggS, and CaflM is prevented, 
inhibited or enhanced. It is especially preferred that the 
binding of PapD to at least one pilus subunit is affected. 

As stated above, in a preferred embodiment of the invention, 
the prevention, inhibition or enhancement of the binding is 
accomplished by interacting with, in the molecular chaperone, 
a binding site which % is normally involved in binding to pilus 
subunits during transport cf these pilus subunits through the 
periplastic space and/or during the process of pilus assem- 
bly. 

As mentioned, in connection with the present invention, the 
binding motif between PapD and a peptide which constitute the 
19 amino acids of the C- terminal of PapG (Gl'-19'), a pilus 
subunit, has been determined. As is described in detail 
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herein, other chaperones share substantial homologies wif- 
PapD in this binding site. Thus, such a binding sit. 
great interest as a target for drugs which are Intend^ r C 
interact with periplasm^ chaperones. Therefore, in a ore 
» ferred embodiment of the above described methods c* th- 
invention, the. binding site which is affected is one wVch 
binds CI' -19' . 

Thus, an- important aspect of the invention is a method as 
described above, wherein the binding site is a binding 
to which the carboxyl terminal part of a cilus subun-^ is " 
capable of binding, and which comprises site points substan- 
tially laentxcal to the invariant residues Arg-6 and Lvs-i^' 
in FapD, and a polypeptide fragment which is caoabl.'o* 
mteracting with a /S-strand cf the carboxvl termini -f 
the pilus subunit thereby stabilizing the bind-g o-" sa<- ~~ 
subunit at .the Arg-3 and Lys-112 site points of th= b<nd~~ 
site. An especially preferred aspect of the invention is a" 
method as described above, where the binding side is C~ 
protein binding sits of PapD as described herein.' 

20 The term "site-point" refers to a chemical crcun wi-v 
defined physical/chemical characteristics such as s-ze 
charge, hydrophcbicity/hydrophilicity, polarity, direction c* 
hydrogen bonds as veil as a 3 -dimensional position (distance' 
and angle, relative to other- such chemical grouos. Thus, 

25- sxte.poir.ts which are "substantially identical- to Arc-3 and 
Lys-112, are chemical groups which substantially share the 
same well-defined physical/chemical characteristics as th-s- 
two amino acids. ~ 
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The term "invariant residues" refer to amino acid residue 
which can be found in a number of proteins without th-r- 
being any variation with regard, to the precise typV'cf th- 
• aCid aEd withc ' JC ^ere .being -any substantial variation 

m their function in the proteins. The presence of invariart 
residues in a large number of related proteins normallv < 9 an 
35 indication of, the biolcgical importance cf such resides. 
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since mutations lacking these residues apparently lac*s the 
function of the intact protein, too. As described herein, it 
has been found that all periplasmic molecular chacercnes 
share the amino acid residues which are equivalent to Arcs 
5 and Lys-112. It is believed that these two residues therefore 
are of considerable importance to pilus -forming bacteria. 

-A polypeptide fragment capable of interacting with a 
strand of the carboxyl terminal part of a pilus subunit" 
indicates that part of the chaperone {which is also a part of 

10 the binding site) is, capable of interacting with a /?- strand 
of the pilus subunit. This interaction serves as a stabili- 
zing factor in the binding between the pilus subunit and the 
chaperone and is considered a very important part cf the 
total motif of binding between the chaperone and the pilus 

15 subunit. Further, it has recently been rendered probable by 
the inventors that the /3- strand serves as a template fcr the 
correct folding of the pilus subunit (cf. example 10} . 

As explained herein, the C- terminal part cf many, if not all, 
known pilus subunits, share substantial homologies, which i3 
20 another indication of the importance cf the 3 -dimensional 

structure of the pilus subunit as well as of the chaperone in 
order for the binding to take place and be stable. 

As appears from the examples/another binding site residing 
in domain 2 of PapD has been identified. This binding site 

25 interacts with fusion protein MB?-G1'-140' as well as with a 
short peptide constituted of the C- terminal amino acid resi- 
dues 125' to 140' cf PacG. Thus, also this binding site is of 
great interest as a target for drugs which are intended to 
interact with periplasmic chaperones. Therefore, a preferred 

.3.0 -embodiment .of the above described methods of the invention is 
- ^a.-method wherein the binding site ; which is affected is one 
which binds either of the two above -described peptides. 

It will be understood that the above -described methods com- 
prising administration cf substances in treating and/or 
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preventing diseases are dependent on the id-nti-<c. tl 
novo design of subsCances which ars ^ ^ - or d 
effects which win iead to Dreveat < on .... . \ exe ~ Cla 3 

- the interaction .e^enX's^ ^^!^r 
mxc molecular chaperone*. R is , urtfcer im)ort ^ t L; 
sub™ will have . ush chance o£ bsins -^^C 

Thus an aspect of the invention relates to , me . 

cist- p8t - ttaU ' *«Wto»ar useful substaac 

cap.be of interacting vich - a Faripl5smic ^ 

ne thereby preventing, inhibiting or.enbancihg the inteC 
tan between a periplasm^ molecular chaperons and a o<4 
.subunit. Che method ccir.o-is< no »r - P 

staps . c-^.is-ng at least one or the following 

15 1) testing a candidate substance in an assay in „Vc- -»,» 
possible crevention • iih'Mfi™ - .- 

a-,,-. „/,v • ^-^ticn or enhancement by the sub- 

stance o, the interaction between the periplastic no^c--r 
chaperons and the pilus subuaic is decerned by 

a, adding the substance to a syscem comprising the oaring- 
0 mic molecular chaperone or an analogue thereat <n a-, 

mobilized torn, and the pilus subuaic or an ecuij.-- 
chereot in a solubilissd fort, and determining the cha«. 

of LTca! ^ P11U » ™< « bivalent ch, e- 
of and the perrp.asr.ic molecular chaperons or ana'egue 
thereof caused by the addition of the substance, c- 



b) 



adding the substance to a system comprising the pilus 
subunit or an equivalent thereof in an immobilised form 
and the periplasm- molecular chaperone or an analogs 

n MM," ; SOlUbUi=ei £o - «- determining the cLg. 

n banding between, the pilus subunit or bivalent there- 
o. and the periplasmic molecular chaperone or analogue 
thereof caused by addicion of the substance, or 
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adding the substance to a system comprising the pilus 
subunit or an equivalent thereof as well as the periplas. 
mic molecular chapercne or an analogue thereof in 
solubilizad form and determining > the change in binding 
between the pilus subunit or equivalent thereof and the 
periplasmic molecular chapercne cr analogue thereof 
caused by the addition of the substance, or 



d} 



adding the substance tc a system comprising the pilus 
subunit or an equivalent thereof as well as the periplas- 
mic molecular chaperone or an analogue thereof in 
solubilized form and measuring the change in binding 
energy caused by the addition of the substance, and 
identifying the substance. as potentially therapeutically 
useful if a significant change in the binding energy 
15 between the pilus subunit or equivalent thereof and the 

periplasmic molecular chaperone cr analogue thereof is 
observed, 

and -identifying the substance as potentially therapeutically 
useful if a significant change in the binding or binding * ■ 
20 energy between the pilus subunit or equivalent thereof and 
tho periplasmic molecular chapercne or analogue thereof is 
observed; 

2) testing a candidate substance in an assay in which the 
possible prevention, inhibition or enhancement of the inter- 
25 action between the periplasmic molecular chaperone and the 
pilus subunit is determined by 

adding the substance to a system comprising living tis- 
sue-adhering pilus -forming bacteria followed by determi- 
nation of the growth rate of the bacteria, a reduction .in 
growth rate compared tc a corresponding system.wherein • 
che substance -has r.sfbe'es added being indicative of 
prevention, inhibition cr enhancement., of the binding 
between the periplasmic molecular chaperone and the pilus 
subunit, or 
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adding the substance to a Svsteri 
sue-adhering Pilus.^ZTe^T^ 
mination of the tissue adles^on th * * 

tion in tissue adhesion co41 d * baCtSri6 ' a 
S system .herein the substa™ .oV^ 0 ^ 5 ^ 

indicative of prevention, i^bx " " ^ ^ 
the binding between th- n e w„T ^ echancs ^r.c of 

. and the pilus submit ^^s^ =^perone 

and identifying the substance as pcWiaTv r 
' useful if a reduction in growth 4t e ?! Caew ^=*ly 

observed after, the addition o- t" sub It 

~ substance; SJ1C 



* u ST/ to an exaeria^ai 

**«*• w,ich has beea e ; taiu r; 

prevent, <v^ h ^ ^ * ~~ itr ° tc 

- — 0i l r capable cf ^tp-P^^. . . 
Periplastic Secular c^o^ ^^!^, * 
venting and/or curing a.,d}or aiW^ % ^ ^ 
caused by the bacteria. SSaS£ 

Sy the term "an equival—- of 
V compound which has be-n e"stah\T T^* SUbunitU ^ant a 
in a manner which is cc^JtT * "** *° ^ 
binds to the chaoe-o-e 1 e C the pilus s '«*^i= 

Pilus subunit and the' ec*<vaW deiR0MCra "<« cf the 
the chaperone. Prefe— Z m ~*\ for the binding to 

described in detail >* r ."£T ? ' ^ ^ * 21 

The term «an analogue o« a r-K, 

which have the ability I* K Cha - oero ^« denotes any substance 

r -inning at least one pilus subunit 
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in a manner which corresponds to the binding of said chaoe- 
rone to a pilus subunit. Such an analogue of the chaperons 
can be a truncated form oT the intact chaperone (e.g. one of 
the two domains of PapD) or it can be a modified form of the 
5 chaperone which may e.g. be coupled to a probe, marker cr 
another moiety.. Finally, the analogue of the of the chaperon 
can be an isolated, but partially of fully functional, bin-, 
ding site of the chaperone or a synthetic substance which 
mimics such a binding site. 

1C The immobilisation. mentioned above may be simple ncn-ccvalant 
binding to an adhering surface or a host or recepccr molecule 
such as an antibody, or c ova lent binding to a spacer moiecul* 
such as a polymer or a peptide. 

In the above mentioned step la) , the pilus subunit cr the 
15 equivalent thereof being bound to the periplastic molecular 
chaperone or an analogue thereof can be detected in a number 
cf ways, e.g. by the pilus subunit -or the equivalent thereof 
being labelled, or by means of a labelled ligand (such as an 
antibody) capable of reacting wich the pilus subunit or the 
IC equivalent thereof, cr by means of a refractive index based 
determination of the exrend of binding, such as the Pharmacia 
EiaCore® assay. 

Accordingly, in step lb} the periplasmic molecular chaperone 
cr the analogue thereof being bound to the pilus subunit cr 

I the equivalent thereof may be detected by the periplasmic 
molecular chaperone or the analogue thereof being labelled, 
by means of a labelled ligand (e.g. antibody), capable of 
reacting with the periplasmic molecular chaperone or the 
analogue thereof, or by means of a refractive index based 

0 determination of the extend cf binding, such as the Pharmacia 
BiaCoxe® assay. 

In step lc) the periplastic molecular chaperone or the ana- 
logue thereof being bound to the pilus subunit cr the equi- 
valent thereof may be detected by separation of pilus sub- 
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unit/chaperon complexes ( e .g bv uli-- 
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25 the product etc.), f-c~' S ~" , hT ^ ° r ° f 
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fluorescence microscooy cr .i^u by 
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3C avidin. 7 lts bl = d «3 to strept- 
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The separation oS ..higfc aeletular oonplexes by ultracent-i 
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. _ may also rely on the binding of antibodies to one of the 

components of the complex, and the subsequent detection of 
this antibody. Any conventional chromatographic technique nay 
be employed (HPLC, FPLC, size exclusion, etc) The seoaration 
5 by electrophoresis may e.g. be performed by capillary elec- 
trophoresis. 

The assays in step 2} all relate to the effects of the candi- 
date substance on bacterial activity in vitro. The demonstra- 
tion of a reduction in growth rate of the bacteria or a 
10 demonstration of reduced adherence to cells or synthetic 
surfaces in ar. assay of course cannot be contributed to the 
effect of interaction with chaperones only, but a demonstra- 
tion of this kind should provide a good estimate of the 
potential therapeutical usefulness of such a substance. 

15 The determination of growth rate may be performed by counting 
of colonies on solid agar plates striped with the bacteria, 
by counting bacterial density in liquid growth media (OD 600 ' 
determination) , by measuring fluorescence of substances such 
as NAD(P)H, ATP, or amino acids, which are contained" in the 
20 bacterial cells only, cr by any other convenient detection 
system known to the person skilled in the art. The determina- 
tion of .. adherence of the bacteria- may be performed in a 
similar manner after the adhering bacteria have been iso- 
lated. A determination of adherence is preferably performed 
25 by measuring the ability of the bacteria to agglutinate red 
blood cells or receptor- coated latex beads, by measuring the 
bacterial adhesion to receptor- coated microtiter plates, or 
by measuring the bacterial adhesion to other synthetic sur- 
faces . 

30 In a preferred embodiment of the method described above, the 
living, tissue adhering, pilus- forming bacteria. are of a 
protease deficient strain, the protease, being one which -is- at 
leas ~ partially responsible for the degradation of pilus 
subunits. one especially preferred type of strain is the 

35 degP41 strain of E. coli. As described herein, the de??il 
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strain lacks activity of the Decrt, 

these are aoc rescued into oer<olJl " C ° 2i when 

-Vm strains are thus ^^.1?°*^ ^ - 
■ *. efficiency of ^ as^e I LLta 10^^ 

« toxic to the ceil, it is be~ev»d rh P S SX3i3 '^ s 

ases exist in other oi^us e^rl«- . esuivalsct P*ot«- 

- JS expressing bacteria. 

'She animal study i n s - eo 3 ) is per-o^- • 
strata the potential *^L£,?ZZT " *° d ^ 

10 substance in vivo. Fu^h»/ 1 Vi ^ ° f thS c ^ate 

animal studies should"^" '."^^ ^ 
regarding effective dosagl and tox^CV/^ ' 
substance finally - s t»s-\ ri ^° X - C1 - y b5fo -^ the candidate 

clinical trials to- ^Lf ^ tei ^ ^ controlled 

• in - animal studio c-~,o * 

substance in a pharmaceutic ^--'w ^ °" 
preferred route cf adxinisr-a-C l! 0 " " " ch * 
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substance as well as <U-7tZ J*" ^ °« the 
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- rat. a cat. a cc S . 1 ^ "a^ ~ • 
chicken. ' -crse, a cow, a pic, or a 

The term -suitably capable cf irce-actin* • u 
chaperona- is intended tc ind^cX th l 5 * - 

« from being capable of * * SUbsC ^«, apart 

also is capable of exertinc ^^Zl^^ Cha - Daron5 ' 
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Fatient. * * Ch * blol <*ical system, i. a . a 
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leads when developing compounds with a therapeutical potea- 
tial. If one relied only on in vivo assays, it is very lifceW 
that compounds which in face exhibit the desired effect on 
the chaperone/pilus subur.it interaction would be screened cw- 
5 by the in vivo assays, because these compounds could lack 
e.g. the ability to penetrate biological membranes. When 
using the in vitro assays, a much greater chance of finding a 
lead compound is maintained. • 

The evaluation of the effect of a substance tested in the in 
vitro assays described herein (cf. in this connection esoeci- 
ally the examples) depends on a number of factors. 1= will fc a 
understood by the -skilled person that a small molecule could" 
be added in rather high molar concentrations in order to ' 
exert an effect on the chaperona/pilus subunit interaction 
(and even then the small molecule may still be an interesting 
lead compound} , whereas larger molecules may exert marked 
effects even in rather low molar concentrations. In general, 
when any in vitro assay described herein is regarded as' 
having a positive result when testing a candidate substance 
20 (i.e. that the substance tested shows a "Significant" 

effect) , the following condition should be fulfilled: The 
compound should exerc a significant effect on pilus sub- 
unit/chaperone interaction (or on an interaction in an equi- 
valent system which correlates well to pilus sub- 
25 unit/chaperone interaction), the significant effect being cne 
which with no doubt can be attributed to the interaction" 
between the substance and the chaperorie and which is not an 
unspecific interaction between the chaperone and the sub- 
stance (due to e.g. radical changes in the physical and 
30 chemical environment when the substance is added) . Cne way of 
excluding unspecific interactions as the reason for the 
exerted effect is to use at least one control which is a 
chemically comparable substance (with respect to molecular 
•mass,- --charge/polarity and gross 3 -dimensional conformation 
35 (globular, fibrillar etc.). if the control does not result in 
substantially the same effect in the assay as the substance, 
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it can be concluded that -he s b t 

assay positive substance. " "* S ^ mt be rs ^-ded as an 

The assays described in the exiles a>- e all' 
assay types, which could serve as 9 of 

5 ^-described method of the ir^L^ * Cfce 

preferred that the nethod descw^ • COWSVer < ^ 
fluorescence labelled variant «- / / exaj, * ls 10 employing a 

- « . «. assay ray — a." 

• adding the substance to a «„- sv „ 

10 ooiecular chasercne c"- ~ " 

c an analogue thereof, 

- subsequently adding a oii U3 s .. bur ,-. 

cf which has beer, iabe^d w>-/, *"" ° ? M equivals = c ^-re- 
fluorescent probe, * " " er - v --onneatally sensitive 

- determining the fluc^scn- •».< 

15 length which is indicative' * ^ " * par£ic ^ wave- 

Periplastic «.cS^ ^ * 

and the pilu. subunit or'the ^""i 09 ! 1- . therso - 

* Uiva -«au thereof, ajid 

" comparing the determined fluorescent Pm - e • 
cent emission determined <r a 1~ tc f lucres - 

20 containing substantially tV* s^ 350 ^ 05 SeCKld W» 
Secular chaperone or t^^T^^ " 
subunit or the equivai«r thlt T * ^ thS P ilus 

stance, ^ tnere0f b ^ substantially no sub- 

a significant difference ii *i u „— 
25 first and Second s " fluorescent emission between the 

between the periplast Ltcu aT^^ * 

thereof and the substance. cha ^e or the analogue 

The advantage of this assay'*, - hmt . 

guan-icacive .determinations ^ be .for 

30 substance on the chaperowJi ! ° f t6Sted 

i-v.< °*' ero -e/pilus suburic sv«h fl » » 

this assay the inventors have e „ T * ^ By Usia S 

e.g. determined the constant of 
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binding between a PapG analogue and PapD. The quantitative 
determinations may be performed by performing the determina- 
tion of fluorescent emission in the second system a plurality 
of times at varying molar ratios between the pilus subunit cr 
5 the equivalent thereof and the periplastic chaperone and the 
equivalent thereof , ' whereupon the constant of binding between 
the pilus subunit or equivalent thereof and the periplastic 
molecular chaperone or analogue thereof is assessed from the 
determined fluorescent emission data. From the data obtained 
in this way it is also possible to determine the bindinc 
constant cf the substance in a parallel manner, which w^l 
appear frcn claim 11. 

It will be understood that the above- indicated method for 
identifying a potentially therapeutically useful substance is 

15 dependent on the actual presence of the substance. Normally, 
it is necessary to either purify or synthesize the candidate 
substance before it is subjected to the above-mentioned 
method. However, since. many such candidate substances are* 
likely to be tested before a substance which is suitably 

20 capable of interacting with a chaperone will be identified, 
it is of interest to identify such substances before they are 
subjected to the method above, thereby diminishing the 
resources spent on purification and/or synthesis steps. 

Kencs, the invention also relates to a method for identifying 
25 and/or designing a substance, X, capable of interacting with 
a chaperone, e.g. binding to the chaperone, with a predicted 
binding energy equal to cr better than a predetermined thres- 
hold value, the method comprising 

1) selecting a substance, A, which could potentially incer- 
30 act with a site in the chaperone, and providing a 2- 

dimensional structural representation thereof, 

2} predicting the binding free energy between the substance 
A and the site in the chaperone, 
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. , 3) if the predicted 

seance A and the site <* ^ eh * tWSen the 
betcer than the pred-tel , Chaperoae erual Co or 

«-«-ce A as the substance x, 

5) repeating step 4 U r.:<i ch .. 

determined be-^en - J *" ; r ~ iccsd binding free enerov 

site in chs c : & ;Z? T ' 8XJlti *S s^^e. X. and th- 
c..=p = _cne is equal «-o Pr 

predetermined threshold value. the 

15-, It is- possible to -exo^d th« =v 

^rther steps, wherein^ TlZZT^™* ~ «** 
determined, in order to estate . ° ? frM i« 
Ending free enercv a^so is t ^ e ^ e ^ntal 

threshold value, Jy oerfo^ J"!! ff? the determined 

- om.. is the following two -steps 

20 6} providing a sample of t * m cWs , 

s-HPle of the chaoe-c n ^f SUb$Cance X « * - 

energy between measurin - the binding frse 

(e.g. by ^ croca ;; no :- substaa « X and the chaperone 
Ushing that the ^ZiA * " d est ^" 

chemical substance'x and ^c^ ^ ^ bSt ^ 
. better than the =red^et^ d iS ^ Co °- 

nally - " er:r - ae a tnreshold value, and cptio. 

7 J subjecting the subs« a ~ e * 

fcr idertifyinc a s-C * rce3C "ned above 

10 ting with a chap~ c -I - V*** 1 * of interac- 

..«ance X i s a po^C *° VSrify thac th e sub- . 

stance caoable o* Casra - De ' Jtic ally useful sub- 

- ~t~act^g wich a chaoeroas> 
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*«. as cnus verified that the binding free energv betw—. t%%m 
candidate sufcstar.ce and the chaperons actually Is b-c-r than 
the predetermined threshold value. Seep 7} fu-t*-*- es^ab 
_ lishes chat the candidate substance stands good chances o* 
d being therapeutically useful. 

The phrase -predicting the binding free energy" is meant to 
imply that the binding free energy is determined by calculat- 
ion rather than by performing experimental work da=erm<n<nc 
the actual binding free energy. Cue (theoretical) wav of 
predicting binding free energy is by performing fre-*— nry 
perturbation (?E?) calculations on the interacting sub- " 
stances, but because of che vast amount of calculations such 
an approach would have as a result it is preferred that t*. 
empirical approximative rr.-thed described below is employed. 

15 The term -better chan- is in-ended to mean that the binding 
free energy has a value which is higher than the binding 
energy which has been chosen as the threshold value, meanira 
that the AG is numerically higher than the threshold va 1 u- ~ 
selected. Or in .other words: The term is intended to mean 
that the binding between the substance and the chapercne «• 
more favourable energetically than- the situation were the " 
. substance and the chapercne are suspended independently in 
solution. 

In order to predict the binding energy in rhe above- indicate 
25 method, according to the invention it is especially preferred 
no use the following method: 

Assessing the average energy difference, <AVff s >, defined as 
^-s^ * <v x. s >A' between the contribution from polar inter- 
actions to the potential energy between the chemical sub- " 
stance X and its surroundings (denoted s) in two states, one 
state - (A) being where ihe...chemical -substance is -surrounded- by 
solvent, the other state (3) being where the chemical sub- 
stance, bound to a periplasmic molecular chaperone or an 
analogue thereof, is surrounded by solvent. 



20 
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asS j Ssiag the average enercy dif£~« n -* av^ 
<<i.,>a - <IJE?;» A . between ths c Ontributi0 „ *~ ' ~" "— 45 
interactions to the potentia! energv betwee^c ? " 
substance X ana its surroundings ,2.^ <- -weT 
5 on. state W being where the chenical sL anc-"! 
rounded by solvent, the other state » btT"=- f"' 
cnen.cal substance, bound to a periplasm Jie^'a"- la- 
ne or an analogue thereof, is surrounded by ^ 

calculating the absolute b^d-nc f-* a 

In the mathematical equations, her eia. t*- Sv --- Q - 

molecular dynamics avsrace. The ind-x y c 

solvent ,„ ccnpound-surrcunding,. the Uc^^Z^i- 
1> tne chemical substance x. Koraallv cha ^V"- 
function as an inhih-'te»- r-<= *>,^ w • - • 

Tr , . Cc " c - the toiaamg between the F — '-lac- 

mic chaperone and pilua subunics bu- ac 

, s-uwiics, ouv as discussed H=r 0 i - ,• ^ 

. — s also a possibi-'i-v t v=, rV ,„ „ . ~e-e__, iu 

u "-c*-x-y ttac the compound or drug w^' -l a ^«~- 

the chaperone in such a wav thsr r~ v 

20 suounits and the chaoeron* l s enhanr^ ^ F 

AA „. , " ennancec. The superscrir- "-•> " 

designates the polar or electrostatic energy, while X" " 
superscript «vdw* indicates -van der ,aals^ anoch- Z«< -_ 
nation for cha non-ooiar ^t-a-^- ™ ' 
-u,- w . • --^t-- anions. The symbol A ind^-=-^~ 

that the quantity in state A is subc-a-t-d ry 

25 in state B. , SUDC -^ted ^rom the quantity 

& the present context the tern "an analogue of a *r« p Wc 
molecular chaperone- should be understood, in a br^ s^T 
any substance which mi,i cs (with respect to binding chara'c 

30 l n S iatereSCi - ^ ° f * Periplastic molecular 
30 chaperone (e.g. the pilus subunit bindina part(sj) and ^ 

interaction of which w<-> * p ana chs 

uu oe wnicn wi.h a chemical substance or a grouo o- 

P «aUty o £ chemical substances, e.g. drug candidates. Is to 
b^studaad. Thus, the analogue n*y sin^y be any other cheni- 

35 SLT"! " of *»««ttaB with the 

35 chemcal substance in a runner which rrinu.es the binding 
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between the chaperone and a pilus subunit in vivo, but most 
often the analogue will fce a relatively large molecule, in 
other words a macromolecule such as a protein or an oiigoi- 
cleotide. which is relatively large compared to the chemical 
5 substance; although the chemical substance interacting vizh 
the analogue, of course, in itself be a macromolecule. m'the 
. present context, the periplastic molecular chaperone or 
analogue thereof is preferably the periplastic" chaperone cr 
an analogue thereof which exhibits at least one interesting 
binding characteristic relevant for the assembly cf cili. 

The basis for the above- indicated approach for dsterminir.3 
the binding free energy is explained in the fcllcvinc: 

As a starting point is taken the linear response acproxima- 
tion for electrostatic forces which for polar solutions as a 
15 result yields quadratic free energy functions in response to 
the, development- of charges. This- is, e.g., the familiar 
result from Marcus' theory of electron transfer reactions 
(Marcus, 1964).. For a system with two states, A and B, given 
by two potential energy functions V A and V 3 one obtains, 
within the approximation of harmonic free energy functions cf 
equal curvature, the relationship (see Lee et al . , 1592 and 
references therein)-: 



20 



X - <V B - V A > A -AG^s = <V A . v B > B + AGas 



(a) 



where AG^ is the free energy difference between 3 and A, X 
25 the corresponding reorganisation energy and < denotes an 
average evaluated near the minimum of the potential i. Thus, 

« K(<AV> A ♦ <AV> B ) < b ) 

where AV now denotes the energy difference V £ - V A . If the 
...hydration - of -a -single ion is considered, this can 'be shown tc 
30 give AG*3 2 = X<V%Z e >. i.e. that the electrostatic contribution 
to the solvation energy equals half of the corresponding ion- 
solvent interaction energy (Warshel and Russell, 1984; Roux 



KSDOCIO. <WO_MH02BAJJ_» 



WO 

PCT/VS94/134SS 

. *c al,, 1990). Returning now tc the binds 

result may be exoloiced in ch* f \\ * proble *' this 

solvation proces^ ij Sl^^ T" «* 
and inside the protein, two states « SU3sc ^e in water 
S first has the substance in vacuuTand C ° Mldar - d ^ the 
W^. e. g . , fay Lennard- J0 ne S ~ ^J^T ^ 
,iven environment. The second sLte co ^ S n f 7 ^ 
substance surrounded by water or eh. soi^l T * 
linear response approximation ^ ^ then 7 < ** 
10 - *<t£ s >, where V?l j! tl\ , * fflV * th£C 

static term. Hence, the e^c^ electro- 
binding free er. S rc ca ~ 1'T to the 
, . can be approximated bv Ar^ _ ,/ 

S £ LT^r^— ------ 

the validity or the iin 6ar rsjFonse 

ionic solvation has baar. ! " ths cass °*" 

*°ux at al . .(„„, . Some ' «•*• - W tha study by 

Performed on stools systans th« Cal=uU "°« "era also 
20 tion of elation"*. T^esT e ° rr0&0ri " «*• "PProxi™. 

taefree enercy obtaC £ !"^ sT^, 0 " * 
Ma* and ca>* ions in a srrte-i-.', " OUi «ions of charging 
with tha corresponding^*', f "atar systat, (ig vist, l 990 , 
This yielded factors rel^ ^ ^ * 
» and o. S2 for ca-, both value's ba^ c oseTo "J ' " ? *>' 
result o£ Jf. A similar tes- o- es tC tne Predicted 

~le=ule. 3 iven by the o 91S " pLa^HS" °' " """"^ 
»etar gave a ra J„ ^ lessen, i98s , in 

A crucial ouestio^ is 
'« non-polar interactions Zi J^Tt.** of 

-ergy of binding which ^s tL!^"^," *" 

it should be possible to .stW t^" 

non.po l ar....(.=r van dar Waa",, T" thiS """^i™ 'rd* the 

theories of Chandler and ^^*!? 0 " The "W" 

5 Pratt and Chandler. 1977, h "l b <Chandler « • «»3, 

-lyre hydrophobic effects ,^0"^"^ * 

ccs a_d tc calculate free energies cf 
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transfer for some non-polar molecules (Pratt and Chandler, 
1377), but no analytical treatment of that kind seems pos- 
sible for solvation in an inhomogeneous environment such as a 
protein's active site. However, it has been noted that the 
5 experimental free energy of solvation for various hydrocarbon 
compounds, such as n-alkahes, depends approximately linearly 
on the length of the carbon chain both in their own liquids 
as well as in water (Ben-Nairn and Marcus, IS 84) . MD simula- 
tions of n-alkanes solvated in water and in a non-polar van 

10 cer Waals solvent have been carried out, which indicate that 
also the average solute -solvent interaction energies vary 
approximately linearly with the number of carbons in the 
chain (the relationships being different in different sol- 
vents, of course). It thus seem possible that a simple linear 

15 approximation of AGj?£ d from <Av£?£> might be able to account 
for the non-polar binding contribution. For instance, if a is 
considered some appropriate measure of the size of the solute 
and if the solute -solvent van der Waals interaction energies 
and the corresponding non-polar free energy contributions 

2C (both in water and protein) depend linearly on c, such that 

<V^> = or p cr # <V$ d "> * ot w a, AG£** /3 p a and AG**" « fa 

then AG£f£ d = h^L<AV^> is obtained. Since it seems diffi- 

cult to derive a factor relating the two quantities in a 
reliable way from purely theoretical considerations, the 
21 approach is taken to empirically try to determine such a 
relationship which is capable of reproducing experimental' 
binding data. Thus, the free energy of binding is in one 
erriodiment of the invention approximated by 

AG pind = . ttsAtff s > + *<Avj*£> M) 
30 the parameter a being determined by empirical calibration. 

Although, as discussed above, a theoretical prediction of the 
coefficient for <Av£: s > is tf, it may be practically useful to 
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also treat chis coefficient as an empirical Da ^ t ... 
would lead to the free energy 0 , b<nLa h-i '* 
by 37 Ending being approximated 



lib) 



5 where both parameters, a and a-o . 

- . a p< are ce-armmed by eoo-fMi 
calibration. y cai 

Finally, in some cases, it seems si:iMK 1a r- 

^e^JT^ refleqti0S to «ro size 

e. tne chesute., substance, that is, where the regr=ssio- ' w,. 

the neglect of induced cei a— . 3 ' 
.... . .^c-a.-sa^ion, possible fore* f-^id 

oeficencies etc. I, these cases. = „ U1 w . u ^ 1 

Kwal/mol, sucn as between -2 and 2 kca • /™i ^ 
20 and l k~=i/rw. t, Kca./nol, e.g. between -i 

anc i kcai/moi. however, it «s j ... 

' - w - s anticipated that i^ m-v 

"IIVuT T tably tS ^ ~" - the -ent t/devia- 

25 LV 1S ° ^ eleCtrOS£acic coefficient i treated as an emo-i- 
- cal parameter, the approximation of the binding free er^" 
assumes its most general form, namely ^ 

^Aind « ^<AV*f,> + or<AV^> * c (2b) 
-where now both a B anr» >- . 

calibration. ^ '° deCe ^ ed * empirical 
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While the solvent used in the ^ve method is suitably aad 
mos. often an aqueous solvent like water, it is wich ^ thg 
scope cf the invention to take any other suitable solvent as 
a starting point, including, e.g.. methanol, ethane^ aceto- 
ne, acetonxtrile, chloroform, hexane, etc., or mixtures 
thereof or combinations of such solvents or mixtures thereo* 
with water. The selection of the solvent will be of little ' 
importance to the predicted values as long as the solvent is 
one which is able to dissolve or solvate the receptor molecu- 
le and the substance (in the present context this means -hat 
a sufficient amount of the periplastic molecular checerone o- 
analogue thereof can be homogeneously mixed with tS»".cl w 
without precipitation so as to allow the determination c* 
ending energies by some suitable method) , but there may be 
cases where it is advantageous to modify che solvent envi-o- 
ment (e.g. by modulating the ionic strength) in which the 
interaction cf the substance and the receotcr molecule is to 
take place, if che environment in which the interaction 
between the chemical substance, such as a drug, and a 
plasmic molecular chaperons or an analogue thereof is "to take 
place in the actual use of the drag is the human body, it 
might be particularly suitable to imitate e.g. human plasma 
as the solvent, 

A thorough discussion of the above- referenced method for 
25 determining the binding free energy between two molecules car 
be found in International Patent Apolication No 
PCT/IBS4/00257 and in Aqvist et al, 1994. These two documents 
are hereby incorporated by reference. 
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The above referenced method for determining the binding fre- 
energy has been employed in example 3 in order to identify " 
compounds which stands a high chance of binding to the bin- 
ding site of PapjJ; .this means that calculations as the above 
described have been performed as the last theoretical steo 
before compounds have actually been synthesized. 
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• ^" y -n?:i e ;! :ood that "» — -hois £0I 

which .„ o £ potential ^WuT« tt" anCeS 

s which t he y ^ is taora t0 be 

Therefore, it is nref°--on ».*,.♦. ..v 

. ■ W that the site with whi-h -ho 

^stance may potential i«.r.ct. and „ _ 
free eaercy is preaictea. is the pil, s subunit 
of a molecuiar chaperons, such as the pilus suh,- 7- ~ 
■0 site of a molecular chaperone selected -1 t" ° 
sist,ng of ftpD, FiinC , Sfa , 

esse, ^ and ^ cr an s ..:; £ / 

subunit binding site, since the pilus subunit b^"«di"c s^t»- 

a n Y ha?eroass shcw ^oio S i as /;: : :: 

ally preferred that tl,e binding site is the pilus subu-^ 
■ binding site of Pa pD or £n analogue thsreof P SL ° U — 

As will appear from the examoies a- <m-^ 

- e3 ' an important o»-t r>-a 
cnaperone bindinc mot-" 8 ha« • ? ca 

i J . * ~ has oeea discovered and a oepfde 

corresponding to this motif has been synthesized aM co 
crystallized with P apD Zo provide a s , ruc=ural j£ Z z , a 
necnanism of action of PapD . The molecular details o^ t ^ 
PapD-adhesin recognition interface cWi„ ! 
«,. cHnn „. ' e - iacs clearly demonstrate the 

— etion of tne conserved <-i 

ceterminants to the su-fa-o . 3 " nce 

r , c ^^, . su^a.e o. pathogenic bacteria. rv e jJa-u 

peptide crystal structure essentiallv " 
„ ' , 3 »e:itiaiiy represents a "sra-s'-^» 

.cf a fundamental process in hp^,i \ - s " cc 
:,. e „„. , " ss ln *»Cuer±al pathogenesis: the 

r ;;;" t n of . an adhesinwith * *»p«» ^ is pra . 

requisite to achesin presentation on the microbial surface". 

Thus, the inventors of the present invention have by tt . us- 
c X-ray crystal locraohy etuci* a *-A „ 
-between PaoD and ^ " f UCldat * d the ^chanism of binding 
between PapD and the p.ius subunit Pane thereby identifying 
an essential part o' a ^fin^ . . y iaecwiiying 

tho S4^4 v, defined binding site responsible fo- 

tne binding between n-*lu«! c-.v..--^ • 

« P-lus sjbunits and their periplastic 
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chaperbnes, and thus providing a method to enable drug d ss -g- 
of chaperone inhibiting anti -bacterial compounds. / 

Having determined the location of a premising bindinc site 
for inhibitory licands as- described above (see details in 
examples 1 and 2), the computer programs "?LIM" and 
"FLIMD3S" (developed by Symbiccn AB) have been used to find 
templates for families of compounds capable of binding to the 
binding site. 



5 • 



10 



FL1M is a Protein Ligand Interaction Modeller that constructs 
putative licands for a protein using thermodynamic criteria. 
It calculates the. energy of interaction between the protein 
and sample probes that are successively placed at different 
points on a regular grid around the mclecuie. For each cos-: - 
tion and orientation the interaction energy between thVprobe 
15 and the atoms of the protein is calculated. The energies are 
stored, and the best positions fcr a particular probe are 
written out (the basic calculations are described by Good--o~- 
(1985) and Boobbyer (196S) and implemented in the commercial^ 
ly available program GRID; the PLIM implementation is scrae- 
20 what different in that the energy values are converted to 
discrete points that are associated with the chemical prcbe, 
enabling easy output to e.g. data base searching programs) 
The program then builds up the ligand by incorporating 
selected probe. atoms at positions of energy minima cn the 
25 grid. The user selects which atoms and groups should be used 
as probes, and which criteria should be used to determine 
those that will be incorporated into the ligand. The energy 
is calculated as the sum of electrostatic, Van der Waals and 
hydrogen-bonding contributions as described herein. 



30 



The PLIM runs result in a number of suggested .positions and 
orientations of favourable chemical groups in the- region near 
the binding site. These groups which have physical properties 
like charge, hydrogen bonding directionality and extended 
atom radia, will hereafter be denoted "site points". 



MSOCOO: «WO 9SHOMA2.l.» 



10 



W0 9^^„ 

3 g PCT/US9-J/13455 

A searcft tor nosenti a 1 i -• 

- „ . - „ * c " t - a Sands is then made by sea—h-'-irj • 

database for known molecular struct* m-», 3 ^- h -- a 

ticns of these grouos o* s«te ""^ ChS PCSi " 

a oups o_ s _te points, using . PLIM_D3S . 

The core of PLIMD3S is an algorithm fc- suba-^v • 

dfe representee as a distance mat^iv / n~u~ 

«t« foraen fron every entry in the debase. i; .^f " t "-' 
tern ts round, the entry . i3 superposed on oo t*e site™<-- 
and if the cor-escord-n^ . "cepomts 

„, . . " c — es P° n3 - n S a-on .types natch the entry and <cs 

r a:im " savsd ia • *** to te is Lie 

car. be used, i.e. cn'v " trio , u ,.„. ■ cy 

* 1Sa w -- cr - * r 2 matching the D -o-^i- 
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15 saved. 

?LIM_DSS is thus a. catabas- s=arc^r . 

~.n - s-arc*.er w.nch hunts throuorh a 

collection of 3 -d-"me-s { -i • 

# ' . s.c.^ molecule coordinate sets, locki— 

fcr-entnes that contain a certa- orten , 

. " ta — pattern of atoms. This 

- W"^"* ««- «f at« type, end of snatiel 

ZZ * Crl83Ca:i ° r - ; «~ . search may he 
-or compounds contain-no an sp 3 carbon aeon that is 4 2 A 
-rem a sr2 cxyaen a-"* 5 i £ . . * 
tu- << ; « & ; kydroxyl group that in 
L ' u - n -s 5.6 A from the oxveen. Th- st-< u 

n Stance, .ether ^^^',1^^ 
4.2 a from an oxycren sho-M n^-t** ^ 
h-s than a „ *Z~- considered as a hit. Those 

a s that are founc are then ranked according to a sco-e -h-- 
raflscts how well t*e -a-^r = . b sco-e what 

moiecu^ -„« IT C " ° BS su ? srira ?^e on the real 
aoxecuxe, .nd also en hov complementary the molecular surfac- 
of the compound is to t-»- ~* M, a . . . . , aw ~ 

protein. bxndla 9 Focket of the . 

The result from -a PLiv ^ss co= ^^._ . _ , . 

— sea.cr. is a list of molecular 
structures and their a;cr-- c « er ^ n9 .« • , . 

35 ro -k« s. - Cworainaees, superpositioned oe 

to the siteoomts, ar-» -• - — , - 

' n ~ - - ve - a score ("goodness of fit"} 
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t The procedure does not try to optimize the positioning of the 
structures, nor does ic perform any molecular mechanics o- 
dynamics calculations. 3cth protein and the extracted struc- 
tures are treated as rigid bodies. 

£ The structures from the database search are displayed <n the 
context of the protein and its surface on a graphics system 
using a commonly available molecular modelling package. 
Usually the structures show_ SO me unfavourable interactions 
with the protein, or lack groups to fill out e.g. hydrophobic 
10 pockets. Kence, the structures form the database search' are 
regarded as templates, to be modified and improved by an 
organic chemist. This process also involves choosing com- 
. pounds which are easy to synthesize, which is of particular 
interest if the synthesis capacity is limited. 

15 The best of these database hits are thus examined visually 
using a computer- graphic modelling system, . and the most . 
promising of these are selected according to a wealth of - 
physico-chemical reasoning. 



20 



25 



The templates are modified using a small molecule 3D builder 
(MacMimic) . Each template gives rise to a compound class 
e.g. denoted »hdo«. Each modification assigned a- soecif ic 
number (e.g. hdo_3) and the coordinates and a description ar- 
stored in a tree structure, using the program ARVS_JAKT 
developed by Symbicom. The design is performed in a collabo- 
ration between protein structure experts and organic chem- 
ists, in order to provide the best tools possible for the 
chemists who will actually synthesize the compounds. 

The efficacy of these modifications is finally assessed us-nc 
molecular-dynamics free energy calculations as described " 
30 herein .to study, the stability of the- prccein-ligand comolex 
(Agvist et al., 1994; Acyist and Medina, 1593). 

In order to maximize the efficiency of the above-mentioned 
methods for identifying/designing substances which are 
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capable of interacting with a ~c^e~ui*r v 

preferred that the substance A is i t f Chapsr °™' * - 

which is capable of binding to t" ^ h' 

a io c — selected tindinj sits. 

In view of the above-described jnedus op-nuxu , 
substances which should i, :era „ w< *i k ~ "feting 
this can, according „ thl "venclof f*"— lU » 

the substance A is selectee tv ? " CK * lis!l « <*» 
steos: «-e-tec by perromung the following 



• co-crystaUizing the periplastic molecular cvacer". - 
the analog thereof with a ligard capaMe oT£^~~,. 
with a . lt . in the periplastic molecular ^.C:'"".? 
analogue thereof and establishing zU.^^Z.r' 

the ana.ogue thereof and the iigacd when ir.-~-- ~ ' 
means of x-ray crystallography, 5 y 

using the above-established conformation of the oer<ois- 
aac molecular chaperone or the analocue th~a- -o e"-- a T 
lisn . 3.din.nsi,na. representation of ch s'lte in £*" 

f:::!!!! ni= or the analog e c " -t - 

-n.eracting w.th the licand during binding. 

selecting a number cf d*s-Wi- „u . , 

a-Swinct chemical crouDs y: 
determining the Doss'-fci» , *-oups, x^, a ac 

„>, • , Poss-c.e spatial distributions of th» vi 

chemical groups which maximizes I 
between the chemical cro^"* ^ 

or the analogue "l!? thS Slte ia ths ^aceror.e 

* -icgu„ -n.eractmg with the ligand, 

extracting, from a -*ai-»v. a «^ 

a* «a a -atatase comprising threo--»i-o.-=,- „ 
representations cf ir~io C ..- M , ^e. ^. er .sior.al 

chemical groups - ^ ' ir '° leCUle WhiCh haS ths Xi 
determined ^7 ~ "° SS ^ e ?P * tial ^^ibutiens . 

optionally modify*-- - 

the molecule e ; ^a"'-:J ! ' • dl:Mi!sional representation of 
o ecuie extracted. fren the database, and 
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. identifying the optionally modified molecule as the substance 

According to the invention the above -<n-H 

w c -n^icatea steps are 
especially preferred when the ligand i s a pilus subuait Qr a 

part thereof with which the chapercne ncrmaily irt-a-s 
during transport of the piius subunit through the DerIpV asr ^ 
space and/or during pilus assembly. " 

By the use of the above-mentioned method for ident^yinc 
substances capable of interacting with the nerioi asm i~ c*=-e 
10 rones, several classes of substances have been id«r-"i«T* 
which have proved promising in the design phase. 

Drug design efforts for inhibitors/enhancers to Par* hav - 
concentrated on the region of the molecule wher- J- G 
peptide is observed to bind. This region will now be 
15 described in detail, using one of the putative inhibitors 
(bpy_9, see below) as a reference structure. 

The binding site' is dominated by the central charced side 
chaxns of Arg-8 and Lys-112. which bind to the sulphate 
moiety of bpy_ 9 - Adjacent to this is a small, shadow 
hydrophobic pocket formed by the side-chains of lie-^ n e . 
194, and Thr-7, against which the 2-ethyi grouo of bov'o 
packs (Pocket 1). A group as large as a phenyl* ring VoZli b* 
accommodated here, attached to sugar position 2, and wit- " 
possible substituents that could receive or donate a hvdroo- 
nond to Thr-7, or donate to the backbone carbonyl of 198. 

There is also a larger pocket comprising residues Leu-4 
111, Thr-7 and Thr-103, in which the phenyl ring cf bpy e~" 
nestles (Pocket 2) . A group as large as naphthalene could h- 
substituted on the 6-pcsiticn of the carbohydrate scaffold t"o 
fill this sub-site, with substituents that could- form a 
hydrogen.bond-to . Thr-109 , -or to any of the polar backbone 
atoms of residues Leu-4. Arg-6, or Lys-iio. Then there is a 
long, shallow patch that includes Tyr-87, and the aliphatic 
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regions of Lys-110 and Lys-112, which could accommodate a 
tricyclic system such as 2-phenanthryl substituted or. posi- 
tion 3 of the sugar (Patch 3} . Substituents to hydrogen bond 
to Tyr-87 or the backbone of Lys-110 can be considered, as 
5 well as negatively charged groups to complement the side 
chains of Lys-110 and Lys-112. Tyr-87 is a potential charge - 
transfer donor to a electron deficient it- system such as a 
nitroaryl. 

Models of several homologous chaperor.es \SfaE, MrkB, Hi£3 and 
10 FimC) have been made from the' PapD structure, and differences 
between the model structures has influenced the design cf 
inhibitors, such chat proposed ligancs should bind to ail the 
structures looked at. For example, it is tempting to comple- 
ment the charged side chain of Arg-200 with an acidic group 
15 in the ligand, but since two. of the other structures have an 
Asp at this position, the residue is net considered as a good 
candidate. Arg-8 is fully conserved, as is Lys-112, Thr-7 and 
Ile-ll. Tyr- 37 becomes a Trp in three structures, but the 
overall nature of patch 3 is not changed by this. PapD is 
20 actually alone with its Thr-Lys sequence at 109 -lib, "all of 
the four other strjetures being Ser-Arg here, but again, 
these conservative changes do not significantly alter design 
criteria. 

Although substances which interact with the binding site 
2S responsible for binding to G-proteins are obvious candidates 
as inhibitors/enhancers of periplasmic chaperor.es, it will be 
understood chat molecules capable of interacting with other 
sites in periplasmic chaperones are interesting in this 
aspect, too. It is highly possible that an interaction with 
another site than the one binding G- protein in i.e. PapD may 
cause PapD to either be prevented, inhibited or enhanced in 
its action as a periplasmic chapercne. 

As mentioned above, a family of substances (called the bpy 
family herein) is an important aspect of the invention. Thus, 
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the invention relates to novel compounds of the 



wherein 



general formula: 




V l is 0, S, SO, S0 2/ CK 2 , C(0HJK, CO or CS; 

5 w x is o, s, sc 2 , so 3 , c:-: 2 or nh ; 

is b, q. 24 alkyl, Cl _ 24 alkenyl or q. 24 alkynyl, which 
alkyl, alkenyl and alkynyl may be substituted with one o- 
more substituents independently selected from OK, -COKE, 
•CSNH 2 , -C0NK0H, -CSNKOH, -SHCHO, -NKCONH,, -NKCSNH 2 
10 -NHS0 2 NH 2 and -SO a NH a , acyl; or - (GH 2 CK 2 0) e -K,- wherein s - 
1/2,3; 

R 2 is a group of the formula 




wherein 

A I s • CH -< c H 2 .} n -„ -GT..--.CE*C&-4CB i ) h .^ (n>0) o: 
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-CH-(CH 2 ) n -; 
II 

B is -(CH 2 ) m - or -CH- (CHa)^- (m>0) ; 

X 2 is N, CH or C (when fi is «CH- {CH 2 ) xn . 1 -; and 

Y 2 is O, S, NH, H 2 or H (n-1); and 

4>m+n>0, n<3, and m<3; 

or R 2 is a group of the formula 




\ 

f 2 -(B) p 



wherein 

A is -CH-(CH 2 ) n -, or -CK=CH- (CH 2 ) n . 1 - . (n>0) or 
-CH-(CH 2 ) n -; 

II 

B is^-(CH 2 ) m - or -CH- iCR^m-l- ^>0) ; and 
X' 2 is 0, NH, CH 2 or S (when p-0); N or CH (p=l) ; 
or C (when p=i and B is -CH- (CHj)^-) ; 

v 2 , Z 2 and W 2 are independently" H, OH, -C0NH 2 , 
-CSNH 2 , -CONHOH, -CSNHOH, -NHCHO, -NHC0NH 2 , 
-NHCSNH 2 , -NHS0 2 NH 2 , -S0 2 NH 2 , or V 2 and Z 2 , or : 
and w a together form -NHC (p)NH-, -CJoj.MHC(0) -, 
-NHS(0 2 )NH-, -C(0)NHO-, -C(S)NHO-, -S(0 2 )NHO-, 
or -S(0 2 )NHC(0)-; 
4>m+n>0, n<3, and m<3; 

or R 2 is a group -W s - ( Cl . 5 alkyl or C 2 _ 5 alkenyl or C 2 . s alkyn- 
yl) wherein w 5 is a bond or is selected from -0-, -S-, -S0 2 -, 
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and -NEC(O)-, and the C^, alkyl. C 2 . 5 alkenyl or C,. s alkynyl 
moiety nay be substituted with up to three crouos Selected 
independently from OH, -CONH 2 , -CSNH 2 , -CONEOK, "-CSNHOH, 
-NKCHO, -NHCONH 2< -NHCSNH 2 , -NHS0 2 NE 2 and -S0 2 NH 2 ; 

5 ,Z 1 -R 3 is -S0 2 (OH), -PC(OH) 2 , -OS0 2 (OH) , -NHS0 2 (OH) , 

-NK-CO-COOH, -S?0(OH) 2 , -CE 2 C00H, tetrazql-5-yl or tetrazoi- 
5-ylnerhyl, or salts thereof; 





D is -CHj-, -CO-, -S0 2 -, -NH-S0 2 -, -MH-CO-. -C-PO(OH)- or 
a sale thereof; 

Z 3 is H, OK, -CONH-,, -CSNH 2 , -CONHOH, rCSNHOK, -NKCHO , 
-NHCONH 2 , -NHCSNK 2 , ^KS0 2 NK 2 . -S0 2 NK 2 . -S0 2 (OH) , 
-P0(0H) 2 , -0SO 2 (OH), -NHS0 2 (OK), -COOH, tetrazolyl-5-yi 
or tetrazolyl-5-ylmethyl or a salt thereof, 
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with the proviso that when D is - C H 2 -. -co-. -so 2 -, 
■-NhSCy or -NHCO-, then Z 3 is -S0 2 (0H,, -p 0 (OH,, 
-0S0 2 (0H,, -^(OK). . C0 OH, tetrazolyl-S-yl crte-.o 
lyl-5-ylraethyl or a salt thereof; t«--a-o- 

5 X, and Y 3 independently are H, N0 2 , S o 2 kk 2 , C0NK 2 , C P, or 

U 4 -W 4 is -CHCH-, -CK 2 CH 2 -, - C (OHJCB-. -CEC(OF)- • 
-CH(OH)CH 2 -, -CH 2 CH{OH)-, -CH(OH)CHCOK) - , -CiONH- 
•NHC(O)-; 

H 4 is H or, when Y, is S, SfC-%) Nfo > + =^ - • 

. ' ~ 1 "—2 ' qr* lK 9 •' 3 ar - a q is an inte==- 

2-4, where S 9 is K cr ch 3 ; 

alkyl, C 2 _ 6 alkenyl or C 2 _ 6 alkynyl moiety nay be subst<t^ed° 
15 with OH, -CONH 2 , -CS*^ -CONKOK, -CSNHOH, -K-rcKO, 
. -™ 2/ -NHSC^ or -S0 2 N-H 2 ; or aryl, aryl (C 2 . 2 ) ai^ 
heterocyclyl, or heterocyclyl ( Cl . 2 , a i kyl which my 
be substituted in the aryl or heterooyclyl pieties 'with <£ 
two or three substituents seleoted independently from 0- /' 
20 CI, NK 2 , CONH 2< KKCOK, and S0 2 NH 2 ; "" 

x i is -0-, -S- or -NH-; 

Vis H or, when x x is nh, acyl, HOCNK- Val -Met • , KOOR-ile- 

U,S)-dioxo-methionyl- or KOCNK-Val - (pyran- 4 -cn-2 -yl)*-ala- 
nyl- ; 1 

25 or a salt of such a compound. 

^° ther faaillf ' fl£ Stances called the hdo-family has also 
been synthesized. Eence, the invention also relates to ncv S i 
compounds of the general formula 
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wherein 

X is C, ?, P(C), 3, SO, SC 2 , CE 2 , C(OH)K, or a group NQ,. , 
wherein Q.^ is E, OH, C.. 2 . acyl or C 1 . 24 alkyl; 

5 Z X1 is a bond, C, CH 2 , S, SO, SC 2 , cr a group NQ, 2 , where ir. 
Q 12 is K, C,. 24 acyl cr C 1 . 24 alkyl; 

R n is K -' c x-24 alkyl, C 2 . 24 aikenyi, or C 2 . 24 aikynyl, which 
may be substituted with one or more substituents independent- 
ly selected from -OK, -COOK, -F, -CI, -C0NK 2 , -CSNK 2 , 
10 -CONHOE, -CSNHOH, -NHCKC, -NKCONE,, -NHCSNK 2 , -*C-:S0 3 NE2 and 
-S0 2 NH 2 ; acyl; or - (CH 2 CE 2 0) S -K, wherein s = 1, 2, or 3; 

or R 1; is CK-CH- (CK 2 ) n ,-Q 13 or - (C2 2 ) n , -Q 13 , wherein Q 13 is an 
aryl or a heteroaryl grcup substituted with -OK, -COOK, -?, 
-CI, -CONK 2 , -CSNK 2 , -CONKOK, - CSNHOH , - NHCHO , -NKCONH 2 , . , 
15 -NKCSNK 2 , -NKS0 3 NH2 and -S0 2 NH 2 , and wherein n' a 0; 

R 12 and R 13 are independently OH, E, F, CI, OW ll# or OICOK-!, 
wherein W xl is C t _ 24 alkyl, C 2 . 24 alkenyl or C 2 . 24 alkynyl, or 
an aryl or a heteroaryl group substituted with -OH, - COOH , 
-F, -CI, -CONH 2 , -CSNH 2 , -CONHOK, -CSNHOH, -NKCHO, -NKCONK 2 , 
20 -NHCSNH 2 , -NHS0 3 NE2 and -S0 2 NK 2 ; 

2 12 is a bend, O, S, or CH 2 ; 

R l4 is - (CH 2 ) a .#-Q 14 , wherein Q 14 is an aryl group or a hete- 
roaryl group substituted with -OH, -COOK, -F, -CI, -CONK 2 , 
-CSN>: 2 , -CONHOH, -CSNKO.K, -NTICHO, *NHCONK 2 , -NECSNH 2 , 
• 2S -NHS0 3 NH2 and"' -S0 2 NH 2 , and wherein n" « 0, 1, 2, or 3; 
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* "j , b ° nS ' ° ; <*" S ' «°- ^Qu. "herein C ., U „ 

=1-2, acyl or Cl . 2> alkyl, and c !s is CO or -C(0)K 1.* , 

e-Jcy-, alksnyl and alkynyl nay be substituted with ore or ■ 
more subscicuents independently selected from. -OH 

' """V -CONHOE. -CS.NKOH, -raCHO .~ 

io r-t r 0 : 3 Tr and - - -<«bC;..n^;. 

cr R, s is CE«CK-(CE,)..-Q,_, V n . " 

. . 2 '■ - 3 ' " l ^- h 2Jn'-Qi3, wherein Q, is as 

• defined -aoove and wherein v & o • 3 5 



cr a sale cf such 



a compound. 



15 



In the present context, the tens «c r „ „ 
is intended to .ear. alkyl ^ ^^^JS.*" 8 *' 

. „ , jr*/.ecayi, propyl, isoproDyl, butyl 

isobutyl, tert. butyl, hexv"» er>vi w~ - , . ut ^» 

, . . xy " 0Ck -yl. docecyl, cycloDen-vi 

eyelofaexyl, etc. «P«»-y-f 

20 Further, as ueed herein, the t=-na «e r. 

- is j. n tended to ir.ea- nn^i _ -, 

. ^ ■ n0R0 or Polyunsaturated alkyi 

groups „rch 2-5 and 2-2, Cir bon atoms, respectively, „h ich 

bo'df, f ' " bra=Cted « CWic ia •««* the coXL 
bond(s) may be present anywhere in the chain .s. 

« vinyl. i. pr0 pe 3 yi. 2-propenyl ?. Z^. dtenTi " 

heptaorenyl. cyclohexeny! etc. Some of the substituents £1 

both in a cis and a trans configuration. Tne scone of this 

inventions comprises both the cis and trans forms. 

In "the _pre9ent..,c.Gnt:ext r fl ^,, 

30 nyl- is intended to m-Va s t^J *~ ilky " 

with 2-3 a„d 2- 24 ca-b~ I'T* " ^ Sr ° UP 

a.cns, respectively, and incorporat- 
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ing one cr more triple bond(s) , e.g. ethynyl, l-propynyl, 2- 
propynyl , 2-butyr.yl, l, 5-heptadiynyl, etc. 

The ternis "C^.- and C t . 2 4 alkoxy" designate alkyl groups as 
defined above comprising an oxy function. 

5 In the present context, the term "aryl" is intended to mean 

phenyl and naphthyl. The term "heteroaryl" is intended to 

mean a cyclic aromatic system, wherein at least one non- 

carbon atom contributes to the 7r bonding system. 

Zxajnples cf substituted aryl groups are: 3 -nitrcrhenyl , 3- 
10 hydroxyphenyl , 4 -hydroxyphenyl, 2 , 4 - dihydroxyphenyl , 3-car- 
boxanidopher.yl , 3-f crmamidylphenyl, 3 -acetamidylphenyi , 3- 
flucronaptht-2-yl, 7- f luoronaphthyl, 3, 7-difluorcnaphthyl, 2- 
hydroxynaphrhyl , 7-hydronaphchyl, 2, 7-dihydroxynaphthyl, 3- 
fluoro-7-hydrox>T.aphthyl # 7-f lucro-3-h'ydrcxynaphthyl, 4- 
15 f luoronaphth- 2 -yl ( S - f lucronaphth-yl , 8 - f lucronaphth- 2 -yl , 
4, 6-dif luoronaphth-2-yl etc. 

Examples of heterocyclic and heteroaryl groups are pyrrolyl , 
furanyl, 2 , 3 -dihydroruranyl , tetrahydrofuranyl, thienyl, 2,3- 
dihydrothienyl', tetrahydrothienyl, imidazolyl, cxazolyl, 

20 thiazolyl, pyrazolyl, izidciyl, pyrazinyl, dioxcianyl, dicxan- 
yl , 1,3,5- trioxanyl , t etrahydrothiapyranyl , di thiol any 1 > 
pyrazclidinyl, iminazolidinyl, sym-triazinyl, syrc- tetrazinyl, 
quinazolinyl, pteridinyl, isoindclyl, 1,2 , 4-triazclyl, 1,2,3- 
triazolyl, benzimidazolyl , indazolyl, benzofuranyl, iscben- 

25 2cfuranyl, benzcthicphenyl # thienothiophenyl , iscxazolyl, 

1,2,5-oxadiazolyl, isothiazclyl, 1 , 3 , 4 - thiadiazolyl , benzoxa- 
zolyl, benzothiazolyl, azaindolyl, bxoindolyl, hydroxyindo- 
lyl, N- oxyisoquinolyl etc. 

In the present context, the term "acyl" -(e.g.*C & . 24 -acyl") *is 
30 intended to designate the acyl residue of a carboxylic acid 
cr a sulphonic acid moiety comprising a carbcnyl or sulphonyl 
group and an organic moiety. Examples of acyl groups include 
c i-24 alkanoyl* (e.c. formy!, acetyl, propionyl, butyryl, 
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C lrU alkanoyl (e.g. acryloyl, „et:acryloyl c . 0 . 3 w V 
™y:. 2 .p„« noyl , 3.p«=enc yl ^^4; i ™«; i l '°" 
pentenoyl. ,-ph.nyiprop.noyl. 2-ph.nyl. trims . orooeo5 ^' , 4 . 
5 bexadxanoyX,, Cl . J4 a lk y„oyl ( ., s . propyonyl . 3.; ucynoy / 
bu.ynoy,, 2. M -.hy 1 .3-b«yn=y 1 , 2,2-diaethyXbucynovl. 2 , ' 

Z ; *-- OK ™- >-»-^-«-»- w . Cl ,, 'ai texv ;l r : 5 

bonyl (e c. M t ao *y=arbonyl. erhoxycarbonyl, prooexvcanb^vl 
butoxycaroonyl and t-buccxycarbonyl) . c,.,, alXanVioxvca-b" . ' 
10 yl (..,. cis-2-buteaylocycarbonyl, 1 - netkvl . 2 - crcVry • ox- - - - 
bonyl, l.l-di.- as£ hyi.2-p rOF a 3 yloxycarbcnyl. trais-^bu--,'-"""" 
cxycarbor.yi) , aroyi <*.=. benzoyl). haterocyclvlcarbo^ 
(e.g. 2-furoyl, 3-furcyl, 2-faranoyl. 3 -furar.^1, 2-nv-^- 
carwxyl, 3-pyrr=i=arb=*y;. 2-.her.oyi, s-she^l, a-lMc---. 
boxy,. 3-indolcarbc.vy!, 1 ■r.apb-.bar.oyl and 2-naohcha^ ■ """" 
etc. - ' 

The term "salt" is intended tc comprise a salt such as a, 
organic ac:d addition salt (e.g. acetate, valerate, 

20 t«e Cy ^:'/ alaCCUr " aCS ' 5lUCOaate ' Ca - aCs ' trificuroace. 
20 tate, maleate, tartrate, methanesulfonate. b«u„ M ulW- 
.o^ate £hioc a , d tclueassulfoaate)/ ^ J - 

"dL! ^ ^ " ' (e ' S - hydrobromide hvdr , 

^ocide, dihydrochloride. dihydrobromide, dihydroiodM- 
sulphate, hydrogensulchate, halosulphace such as iedos"'o - 
pnate, nitrate, phosphate, and carbonate, or a salt VtC 

amino acid (e.g. arginine, aspartic acid and glut^c"a"-d" 
or a tal sal such as £a 

salt and potassium salt, and an earth alkali metal sa^t (- c 

calcium salt and magnesium salt,, an ammonium salt, a" 

30 organic alkali salt (e.g. trinethylamine salt, thiamine 

salt pyridine salt. ? i„ lise salc , dicyclohexvlamine salt 

and N,N'-diben2ylethyi9n-diar:i-e « lrl a „„ . " " 

ie...me salt,, and hydrates thereof. 

When the substituent ? 5 designates heterocyclvl, it is or-, 
ferred that the substituent designates a heterocyclvl c'rcuc 
3o or the formula 1 * 5 * 
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(H. F or CI) 



wfcerein'X is -CK-, -CH 2 -, -C-, -N- , -S-, -S-*C, -.vo or -CO- , 
Y is ~CE- or -NH-, and Z is -CI-I-, -CK 2 -, -C- , -S-, -N-, -CC-, 
-S-O or -N-O, especially a croup selected frcrr. tbe croup 
consisting cf indea-7-yl, benzofuran-4 -yl, isobenzcfurar.-4 - 
5 yl, thicnaphchen-4-yl, iscchio::aphuher.-4-yl f 2-cxc- inden-7- 
yl, 2-oxo-inder.-4-yl, iaden-4-yl, ber.zofuran-7-yl . isoben- 
zofuran-7-yl, zhionaphten-7-yl, isoChionaphchen-7-yl, 1-cxc- 
... thionaphthen-4-yi, l - cxo - thionaphzhen- 7 - yl , aathran-4-yl, 
anthran- 7 -yl 7 zhioanchran-4-yl, thioanthraa-7-yl, benzzhio- 

10 zol-4-yl, beazthiosol-7-yl, 2K-2-isoberzo-l,3-dien-7-yl ( 

isobenzofuran-5-yl, i s obenzo f uran - S - y 1 , 3 K - 2 - cxo - be a z o fur an - 
5-yl, 3H-2-oxo-benzofuraa-6-yl, 3K-2 -oxozhioaaphther. - 5 - yl , 
3H- 2 - oxotbionaphthea- 5 - yl , indol-5-yl, iadol-6-yl, 3K-2- 
oxoiadol-5-yl, 2H- 2 - oxoindol - 6 - yl , 3H-2-cxobeasdxazol-5-yi, 

15 3H-2-oxobenzoxazol-6-yl, benzothiazol-5-yl, beazothiazol-S- 
yl , 2 - oxobenzo - 1 , 3 - dithicl - 5 - yl , 2 - oxobeazo -1,3 - di thiol - 5 - yl , 
3H-2 - oxobenzimidazol -5 -yl , 3K- 2 • oxob enz imida z cl - 6 -yl , ben- 
zoxathiol-5-yl, benzoxazhicl-6-yl, 3H-2-oxcbenzzkiazol-5-yl 
and 3H-2-cxobeazthiozol-6-yl. 

20 It is also preferred chaz che substicueat R s is a group of 
the formula 
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-IS 





20 



.(H. For OH) 

(H, F. or HO) ^^X^ 
or that R 5 is a group of the fcrnula 

(H,F.CI.OHorNH 2 ) 

, .(H.F,CI.OHorNH 2 ) 
(H. For OH) 

e»L r a\T" ^ *» ^ hecerocyclyi.' i- is 

especially preferred chat it is selected fret the dw" 
consisting of isobsntofurab.s-yl. isobensofuran^ 2 
=x=.benz 3 f U ran. S .vl, 3H-2 Wbenxoruran-S-y. \IX"J^' 

4 ! T^ 8 '' 1 ' indol-s- y l. ihdcl. 

y-. 3r. 2 exoir.dol..».yl, 3H.2-ow,indol.s-yl «...„_-,. ' 
soxarol s.yi. IB-s-oxobenccxarol-s-yl, ^XT. 

i*idasol- 6 -yl. b«,ox.thi,l. S . yl , bensoLtMo I" 
oxcbenzthiarcl-s-yl and 3H.2.o*obenzthioeol-i. y l. 

«.e e»ct nuntoer of substicuehts present on an .Iky. a<*.-vl 

in, ..entrre .group. Sl to be compatible with water since in 
tnaperone.lieand-co.pl.* sneh as the PaoB-lisand convex cne 

W 'o^a'faiS k 6 SUrrouad * n S «P»ou. mediun. 

"° r S fairly shoec c ^bon chain such as up co fou- 
carhon ato**/ U is cphte^ that one of the aboCe ^ 
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substituents will be sufficient, in particular when the 
. substituent is located terminally whereas, for longer chains, 
a larger number of substicuents , such as a substituent for 
every other carbcn a ten, may be required. 

5 The 4, 6-0- (4' -Methoxy) phenylnethylidene-a-D-glucchexcpyrano- 
side or 4 , 6 - 0 - ( 4 ' - Methoxy) phenylme thy! icene - /? - D - glu cohexopy - 
rancside glycosides: 




(used here as preferred examples, but other arylmethylider.e 
or vinylidene acecals may be used) can be prepared as fol- 
io lows: Peracylated glucose is reacted with, e.g. hydrogen 

bromide or hydrogen chloride in a suitable solvent such as, 
e.g. acetic acid or dichlorome thane, to form per-O-acyiated 
glyccsyl bromide or chloride (0-acylation and glyccsyl halide 
synthesis: M. L. Wolf rem and A. Thompson, Methods in Carbchy- 
15 drace Chemistry, Vol. 2, 211-215, ed. by R.L. Whistler and L. 
Wolfrom, Academic Press, New York, 1963; G.Hewit and G. 
Fletcher Jr., ibid, 225-223; and R.U. Lemieux, ibid, 223-2245 

The. suitably protected, when necessary, aglycone alcohol or 
thiol (H-W X R,-PG X or H-W.R X ) (protecting croups: Protective 

20 Groups in Organic Synthesis, Sditors T. w. Greene and ?. G. 
M. Wuts, John Wiley & Sons, Inc., New York, 1991) is reacted 
with the per-O-acylated glucose using a Lewis acid such as 
borontrifluoride etherate (R. J. Ferrier and n. H. Furaeaux, 
C^bohydr. 'Res. , 52 (1976) 63-68; J^ DattimSa, T.*Frejd, G. 

25 Gronberg, T. Lave, G. Magnus son, and G. Noori, Carbohydr. Res 
116 (1983) 303-307) or trimethylsilyltrifluorcmethanesulpho- 
nate (T. Ogawa, K. Beppu, S. Nakabayashi, Carbohydr. Res.. S3 
(1981) C6-C9.)-as promoters. The reaction is carried cut in a 
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suitable solvent such as chlorofom. dicMc-o 

toluene. Wh« the monosaccharide de-<va-v! ' " 

Fer-o-acylaced g.ycosy! broride cr c^o-m! " U * 

as silver trifluoromethane sulohonac o-"l"' PrCTCeors «<* 

can be used, and che reactions are carried L 

solvere such as diehloroneoane or toluene ™\ 1 

cr ^..glycosides are obtained afce- de Ta , " A ' 

sodiun, „etho*ide Thomson. M. L. Kc \tZ 1 E T ^ 

uo - s - * • whist 1 ***- w „ ^ 1 

a -solvent such as ^c^^.^^ 

The 4 :6 -(4'-ne-.h= X y ) hen= yl ide M acecais are ob ... . . 

reaction with 4-:r,chc,cvben 2 aldehyds dinethy! ? 

m a polar non-prctic solvent such as . / " ld 
de, acetonitriie cr ce-.ra»vd-ofu^n! £ ° r:n£r ' i - 
*»*. * Che,. l 3S9 , (J , I! •°f-! ae *»- »«cro»l etal.. 

formation, se- *o- ±±'\ °*' <* ««M 

■fjydr. Chen. Siccnen, 34 17Q ^ fie -*--. 1S7S, adv. Carbo- 

34, 179 and references cited therein). 

The epoxides 31 or B2 



are then obtained through suiohonate este-, ^, 
epoxides 31 can b- e-oa-.* • " esC6 -== The manno 

. tive .A with sodium" t?a! VT re3 " ing ChS SlU "" de **- 

»'4, 20 3) or with sodio, hy-i-; " & " f *° tta « i * 
chloride in cetrahydro.-uran^ Iv"! " - J***— «»*^* 
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The alio epoxides 32 can be prepared by reacting the 
glycoside derivative A with methylsulphonyl or p-coluenesul- 
phcnyl chloride in pyridine and treating the resulting me- 
thylsulphonate diester wirh sodium ethoxide in ethanol (Y. 
5 Ali, A. C. Richardson, Carbohydrate Res. 1967, 5, 441-448; N. 
Richtmeyer, Methods in Csrbohydrace Chemistzy, Vol 1,107). 

The epoxides El or E2 can be reacted with suitable . 
nucleophilic reagents to yield the diaxially substituted alio 
hexopyrancsides CI and C2 



C, OH * 1 

C l 

10 (for general references on the use of. epoxides, see' e.g. 
J. Gorzyaski Smith,' Synthesis, 1984, 8, 629-655 
Masamune S. , Choy W. , Petersen J S, and Sita L R, Angev. 
Chest. Inc.: Ed. Enal., 1$B5) 24 ; i- 76;A . s . Rao et al., 
Tetrahedron Lett., 1983,- 3S, 2323). 

15 When the first atom of R 2 and Z x (as defined above) connected 
. to the carbohydrate moiety in the desired final product is a 
nitrogen (-the nucleophilic atom) , then- the preferred 
nucleophile Nu x cr Nu 2 is azide (N 3 -) . The epoxide is treated 
with sodium azide and ammonium chloride in boiling 2- methoxy- 
ethanol (R. D. Guthrie and D. Murphy; J.Chem.Scc. 1963, 5286- 
5294). 



20 



When the nucleophilic atom is oxygen or sulphur, the pre-- 
f erred general method of epoxide opening involves treatment 

with suitably protected alcohol or thiol in the presence of 
25 neutral alumina in ether (G.H. Posner and D.Z. Rogers, J. Am. 

Chem. Soc. 1977, 99, 82C8; G.H. Posner, D.Z. Rogers and A. 
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Romero, Isr..j. chesi. 1979 ia , KQ 

K0SS ' 5 ^ tij - Ccjrenun. 1981, 11# 73?K 

When the nucleophilic atom is carbon the mo., 
reagents are organonagnesiu*, organoU hiJT I * 

-When the product is an alio hexcpyranoside t , e 2 hv , 
function can either be blocked with a p^ot- v " / " 
allows for the introduction of th« , ^I^Z™* ^ 
later stage (oreferr-d t> is 2 ^ Cl£ » al "y « a 

u.e) , or the suitably protected, when necessa-y 
functionality R 2 is introduced to produce Di 



D, 



bonates (J. March. Mran «i orjL a '• ° H - 9r0u - : ' s " 

v , " tan « Jchn Wiley & so-* 

York, 3*7 fiQQet a „j ^ ^ * *o~S/ New 

3 «ups Co alicyagrouos via ethylene 
...Swot hydxogenacion cr ,ia other L.s sT , ' 

-ThT' C " A - 1 " 130 ' 1972 '- — "fereLea^L Ch;:^ r . 
u. Yoshoniura, Adv. Carbobvdr rh„ m DJ u tne.e.n, 
.... . • Cftem. Biocbeaj. , <2 (1984) £5. 

13,); and exchange Of OK-oreim. * v m. 

a or oh groups for heterocyclic groups, via 
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different routes (A. ?.. Xatritzky, Handbook of Heterocyclic 
Chemistry, Perganon Press, Oxford, 1985) . 

When the product is an alio hexopyranoside C2, the 3-hydrcxv 
function is blocked with a protective group that allows for" 
5 the introduction of the Z t -?. 3 functionality at a later stage 
resulting in intermediates of the type D2 " 



r o- 




OPG. 



(Protective Groups in Organic Synthesis, Editors T. W. Grse.i; 
and P. G. M. Huts, John Wiley & Sons, Inc., New York, 1951) 
or transformed to a manno hexopyranoside intermediate D2 



W,R 



1C where Nu x is a protected or irasked form, of the functionality 
Z x . OH-groups to ethers or esters (Protective Groups in 
Organic Synthesis, Editors T. W. Greene and P. G. M. Wuts, 
John Wiley & Sons. Inc., .New York. 1991); OH-groups to azidc 
groups: J. March, Advanced Organic Chemistry-P.eaction Afecha- 

15 nisms, and Structure, 3rd Edn. John Wiley & Sons, New York, 
380, U985), and references - cited' therein; K. H. Baer. Pure 
Appl. Cheaj., 61(7) <1989) 1217-1234. and references cited 
therein; OK-groups to aminogroups via azides or other routes 
(March, Advanced Organic Chemistry-Reaction Mechanisms, and 

20 Structure, 3rd Edn. John Wiley & Sons, New York, 1106, 756- 
800 (1985) , .and references cited therein; 
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K. H. Baer. Pure Appl. chem. , 61(7) (1999) 1217-123* a ^ 
references cited therein) . 

The 4, 6-0-acetal function is then reduceively ooened to v<eld 
either the functionR 6 in the case when R s is an ethe- * 
5 or the intermediates Fl, F2 or F3 with a hydroxy function on 
Fositton 6 (reductive opening of acetals, see 
Garegg P J and Hultberg K, Carbohydx. Res. 1981, 93, C '0-"- 
Garegg P J, Hultberg H, and Wallin S. Czrbohydr. Re's. 1032" 
108, 97-101; Lipcak A, Jocai 1,-Nanasi P, Carbchydr. Res 
10 1975, 44, i-ii; Baker D C, Korton D, Tindall C G, Methods i* 
' Czrbohydr. Cher.., 1975 Vol €, 3-6; Kikand T, Asano K, 
nobu 0, Chen. Lett. 1957, 10, 2033-2035; Ek M, C-aregc ? j, 
Kultberg K, Oscarssor. S, J. Cariohydr. Chen. 1933,2, "30-^1- 
Eunter R, Bart els 3, Michael J ?, .Tetrahedron Lett. 109, 32 ' 
.15 1095-109e; Rao S ?, C-rindley T S , Carbchydr. Ses. 19«1 2^8 ' 
83-93-; Kunter,R, Sarteis,S. J. Chem. Sdc. Chem. Common! -031 
2837-2888) . ' 

?or example, the intermediates of type Dl, D2 or DJ ire 
treated with sodium cyanobcrohydride and chlorctrimethyisi- 
20 lane in aceccnitriie, 

(R. Johansscr. and B.Samueisson, j. Cham. Soc. Pe^in r -ans 
1, 1934, 2371-2374) or borane- trimechylamine Comdex and ' • 
aluminium trichloride. The regiochemical outcome' of the 
reaction is often solvent -dependent (Ek M, Garegg ? j t*„-V 
25 berg K, Oscarsson S, J. Carbohydr. Chem. 1983, 2, SOS-jIi^ 

The aldehyde intermediates of type Gl, G2 or G3 



Nu, W ' R » OPC, ' ^W,R, 



2 





NSOOCIO: <WO 951*028A2J_> 



WO 95/14028 PCT/USM/13455 

" 59 

are obtained by oxidation of the corresponding 6 -alcohol 
intermediates of type pi, D2 or D3, preferrably by the Swern 
procedure. (Mancuso A J, Swern D, Synthesis, 1981, 1S5-18S; 
Tidwell T, Synthesis, 1990, 857-870; for other oxidation 
5. methods, see A. E. Haines, 1968, Methods for the Oxidation of 
Organic Compounds, Chapter 2, Academic Press, Sah Diego, and 
references cited therein) . 

In the next step a carbon nuclecphile is added to the 
aldehyde function of the intermediates of type Gi, 02 or G3. 
10 Preferrably, a suitably protected alkyl lithium or aryllithiun 
reagent or a gringard reagent is added to the aldehyde in an 
ether or hydrocarbon solvent to produce the secondary alco- 
hols El , H2 and H3 : 




For reactions of aldehydes with organolithium and organcnvag- 
15 nesium compounds, see J. March, Advanced Organic Chemistry- 
Reaction Mechanisms, and Structure, 3rd Edn. John Wiley & 
Sons, New York, 347 (1935), and references cited therein. 

For reactions of aldehydes with organolithium and orgaaomag- 
nesium and other carbon nucleophils, see Evans D A, Aldri- 
20 chim. Acta, 1982, 15, 23. and references cited therein. 

For specific examples on the use and preparation of arylsub- 

stituted phenyllithium and •crisnard -reagents , see -Ames tt M, 

Castagnoli Jr. N, J. Labelled Ccmpd., 1974,10(2), 195-205; DE 
3807910 Al; Mills R J. c r . iackus v# polynucl. Arc-mat. Hydro- 
25 carbons, [Pap. Int. Syxp.], 8th, Meeting 1983, 913-24. Edited 
by: Cooke M and Dennis A J. 3attelle Press 1985: Columbus, 
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10 



Chxo; Iriye R, Purukawa X, Nishida R, Kim C, Fukami H a- 
sea. Siocecw. «oc*e. : 1992,56(11,, ^ ^ ' M V 
Sargent M V U. J. cw Soc. , Che*, cc^.. i991 , ~ 

K, Yo ko At £? 34168g M; Lfiesoa p d< x 
P, Showsll G A, Novell! R, Prain K D> fiSRSon M ^ ^ V 
Pearce N J, Underwood A K, sr. Med . 32(2^ 'J 20 ^ 

Meltzer P c, Liaa3 A y. Brovnell a l ^ o r ^a^B 
X J Me*. Che*., 3,(7,. 355-62; Willard A X, Nov U 0 P C 
Hoffman W F< Cragoe or E J. us 4.459,423. 

?or substituted phenyllithium reagents: that can be fi,~r h .- 

elaborated into hs^'-ocv-i j 

oil ocy — c compounds, see: Lang K J, m us - 

chaweck R, AU 5144C6 B2 • Lane V - m,,., • 

T ' Lans 14 c « Mascnaweck R, Hrooct >:, :-- 

x»76i, Lang E J, v uschawack R< Ercpo£ ^ ^ - 

15 For heteroaromatic arvllithiums and grignard reagents, .... 
Yang y, Martin A R, Nelson D l r*™ - zr ~ 
34(6,, 1169-75. 5 ' "52, 

For examples cf other organcmetallic reaaents for t- 
selective synthesis of secondary alcohols from aldehydes":'" " 

-"C Komoallyl alcohols with crotyinoiybdenum Comdexes : • 

-raller J w, John J A, Mazzieri M R, Tetrahedron Lett ■ 
1989, 30, 1769-1772. 

Kcmoallyl alcohols w-'-h r->jn<,« - 

* u - s w -- n c-taniun compxexes: Riediker m 

^ Duthaler R 0, Jat< ^ ^ ^ ^ ^ 

3-Pyrollyl alcohols with silyl protected 3- lithiooyrrole- 

Bray B L, Mathies P H, Naef R. solas D R. TidwellT- " 

Artis D R, Muchowski JM. J". Or*. Che,., 1590, 55. 63x7- 
6328 . 
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Ailyiic alcohols with E-vinylalane: A P Kozikowski and 
Jiang -Ping Wu, Tetrahedron Lett:. 1990, 30, 4309-4312 and 
references cited therein. 

Trans -ailylic diols with vinyls ta.nnanes : Corey E J, 
5 WcllenSerg RH, J, Org. Cham., 1575, 40, 2255-2255, 

Pyrrolidine carbinols with a- lithio pyrrolidine amidines: 
Sanner M A, Tetrahedron Lett. 1383, 30, 1509-1912. 

Organczinc reagents: Furstnsr A, Synthesis, 19S9 , 571 - 
59C, and references cited therein. 

10 Thereafter, the suhstituent on the 3 -position (Nu, or 0?G : 5 
is transformed into a nucleonhile in order to install the 
negatively charged functionality Z 1 -D-R 3 . 

The secondary 6-aicohcls Hi, H2 and K3 are first protected, 
/Protective Groups in Organic Synthesis, Editors T. W, Greene 

15 and P. G. M. Wuts, John Wiley & Sons, Inc., New York, 1991) 
or transformed to amino functions in the cases where X : -R 6 
forms a peptide functionality (OH -groups to aninogroups via 
azides or other routes: See for examples March, Advanced 
Organic Chemistry-Reaction Mechanisms, and Structure, 3rd . 

20 Edn. John Wiley * Sons, New York, 1106, 798-800 (1385) , s and 
references cited therein; K. H. Baer, Pure Appl. Chen. / 61(7} 
(1389) 1217-1234, and references cited therein) . 

For peptide synthesis, see Gross and Meienhofer, The Pep- 
tides, 3 vol., Academic Press, New York, 1379-1981; Grant G A 
25 et al ., Synthetic Peptides, A Users Guide, 1332, W. A. Free- 
man and Company, New York, and references cited therein) . 

The 3 -position' is ceprctected to ah alcohol ,* thiol or amine 

intermediate II, 12 or 13 
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(see, for example J. Hasten, G. Jaurand, 3. Olce-Kancer. K 
Petitou and C.A.A. van 3oeckel, Bioorg. Med. Chem. Lett, 
1992, 2(9), 901-904 and references cited therein; J.Basten, 
G. Jaurand, 3. Olde-Kancer, ?. Duchaussoy, M. Fetitcu and ' 
C.A.A. van Boeckel, Bioorg. Med. Chem. Lett, 1992, 2(9), gcs- 
910, and references cited therein; Bocker.T. Lindhorst,TX. 
Thiem,J. Vill,V. Carbohydr. J?es. 1992, 230, 245-256) or 
coupled to form, the phcsphoester intermediates Jl, J3 and J5 



Ar^OPC, PC 




OPG 




15 



Since the phosphorus -nitrogen bond is known to be acid 
10 labile, the intermediates leading to phosphodiester- end- 
products are preferred (M. Selim and T. N. Thanh, C.R. 
Seances Acad. Sei, i960, 250, 2377). 



?cr example, the alcohol intermediates II, 12 or 13 are 
treated with 2,2,2-trichloroethyl 2-chlorophenyl phosphochlo- 
ridate in chloroform and pyridine to form the phosphate 
triesters. The 2,2,2-trichloroethyl group is removed by 
treatment with zinc powder and the resulting phosphate dies- 
ter is activated with 3 -nitro-l- (2. 4, 6-triisopropylbenzene- 
sulphonyi)-l,2,4-triazol e and coupled with the alcohol S 3 -OK 
to form the intermediates Jl, J3 and J5. The 2-chlorophenyl 
group is removed by treatment with pyridine-2-aldoxiroe and 
N < N Y .N,.N-tetramethylguar.idine in moist pyridine (see for 
example p.. J. Garegg, R. -Johansson, I. Llndh and B. Samuels - 
son, Carbokydr. Res. 1966, 150, 285-289). 



20 



25 Alternatively, by the phosphite triester approach, alcohol 
intermediates^ II, 12 or 13 are treated with phenyl chloro- 
N,N-diisopropylphosphoramidite in acetonitrile to form carbo- 
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hydrate phosphorites . After purification by chronatogra- 
p.,y these are exposed to an aicohcl in the oresence of 

a nxldacxd, such as pyridine P-tolue.,esulphouate and 
_ treated with tert-butyl hydroperoxide to form phosohate ■ 

' "IT 5 * J' J5 (?33 ' H) (K ' N - M Martin-Lcmas 

andM. Bemabe, Carbohydr. *es. 1993, 240, 119-131, and 
references cited therein). 

Fcr a review on phospodiesters in DSA synthesis, ... Na-a^c 
5, Tetrahedron. 1983, 35, 1-22 and D . w. Hutchinson," ,9s"/*" 
Chapter 3 in Chenlsz^ of Nucleosides and Nucleotides, ^ 2 
•d. B. Townsend, Plenum. Press, New York, and references c't-d 
■therein. For other examples on carbohydrate chosohcdiest- " 
synthesis, see for example lohikawa y, sia M M> * c H ". 
Org. Che.. 1992, 57, 2943.2946 and Schmidt a R, Braun H, Jung 
X-H, tetrahedron ,ett. 1592, 33, Por ^^.^ 

. mcdxrxed phosphcdiester linkages, See H. S. Varna, 195' 
Synlezt, €21-635, and references cited therein. ' 

To obtain arylphosphonic acid esters and amides Ji,' J3 

?'.J? r L*Z " " alkyl Cr ar0ir " tiC grCu -° ^'arylphosohcnic 
acre R 3 -,0-, 2 iS coupled to the alcohol intermediates n\ 12 

cr 13, for example, with a carbodiimlde reagent, or treatment 

tne phosphonxc cxchlorides with the alcohol intermediates 
II, 12 or 13 xn pyridine (T. K. Siddal III, and C. A. Prohas- 
xa, J. Am. Chem. 1952, 54, 34-67) . 



20 
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-ne alkylphosphonic triesters are formed from trialxynhosoh- - 

llll O, UdeS ^ *~ r6£Cti - — 

jf * a,en - 1964 ' 9 : 307 ^5, J. March, A dvancsd Organic 
Cbesustry-seaction Kechanisms, and Structure, 3rd Edn. John 
wiley & Sons, New York, 347 mooc* 
30 therein). 85) ' refereaces 

For the preparation off arylphosphonic triesters via ohos- 
Phorus trichloride, see for example: K. Sasse, Hethoden der 
Orguuehen Chemie (Houben-Weyl) , 4th ed.. Vol. 12/1, Gec-g 
Shieme, Scut-tgart, 1963, p. 314 and p. 392 and references 



VSOOCIO: «WO 95t4028A2J.» 



WO 95/14028 



PCTAJS94/I3455 



65 

cited therein; G. M. Kosolapoff, Org. React. 6, 273 (1SS1) / 
and references cited therein; L.D. Freedman and G. 0. Doak, 
Chex. Rev. 1357, 57, 479, and references cited therein. 

For the preparation cf arylphosphonic triesters via orcano- 
5 magnesium or organolithium reagents, see for example: K. 

Sasse, Methoden dsr Crganichen Chemie (Houben-Weyl) , 4th ed. , 
Vol. 12/1, Georg Thieir.e, Stuttgart, 1563, p. 372, and refe- 
rences cited therein; G. M. Kosolapoff, Org. React. 6, 273 
(1951), and references cited therein. 

10 Intermediates Jl, J2, J3 , J4, J5 and J6 are deprotacted to 
form the final products (Protective Groups in Organic Syn- 
thesis, Editors 7. W. Greene and ?. G. M. Wuts, John Wiley £ 
Sons, Inc., New York, 1SS1, and references cited therein) and 
transformed to their scdium or potassium salts. 

15 It is justified to assume that the compounds described above 
are capable cf interacting with sites in PapD and other 
periplasmic chaperor.es. In order to establish that this is 
really the case, assays like these described in the examples 
should be performed. 

20 Thus, a preferred compound cf the invention is a compound as 
described above, which causes a prevention, inhibition cr 
enhancement of the binding of Gl' -19 'WT to PapD, and/or 
causes a prevention, inhibition cr enhancement of the binding 
of the fusion peptide M3P-G1' -140' to PapD and/or causes a 

25 prevention, inhibition cr enhancement of the binding of the 
peptide Gl25'-140' (which have the sequence SEQ ID NO: 20) to 
PapD and/cr is capable of inhibiting the restoration of the 
PapD-PapG complex normally caused by the addition of access 
PapD. 

30 The assay used to establish that a substance exhibits one cf 
the above effects is preferably one of the assays described 
in the examples herein, of course, also other assays as those 
discussed above in the methods of the ' invention may be uti- 
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lizsd in order to e stafci-:cn 

- s p-°a*sh coat tne compound aecuan v ,- c 
capaole of inhibiting pi ius assembly. -cu«__y is 

One important point which should be tek— 

. . taxsa into considers -i->- 

when setting up an assay, is the role the chaoercr.es , re 
5 playing an v,vo. They bind to the pilus sub-units al-^v 
curing the transport through the cell m£n *rane o< t^e s-b ■ 
units and it is therefore assumed, that the ci^us ^ ^ 
are more or less unfolded (i.e. not in their" final fcM^ 
conformation) when they bind to the chaperons. I, 
10 observed by the inventors that the k< — c - c * , in -. 

between completely folded pilus subunits ^cr anaLauTt,—. 

J^V'? ch£?erons papD is a sicw prccess ' in; 

kno*m .hat tne process of F ilus assembly is r-U-'y'v - 
in vivo, in order to speed up the rate if asserVv c"*-- " 
U chaperone/pilus submit complex in. vitro it is 'c^terXV 

cnat more or "i ess • - " 

e o. -ess s-^e c.naturinc conditions could b« 

imposed cr. the oiius sub'-^s t\ 

. -ua 5 ^ _ s (cr the analogues thereof) 

-117 ? ' ""^ S '" Ch '«« obtained * 

subjeccxng t.,e pilus subunirs co ph „ iea , s:ress f 

20 elavatad temperature, pressure changes, radiation .f, 'o- to 
caanges in che chen-lcal env< -cnmanr ,„ ■ „. ' °" to 

,...„,.•. u =.JB=aL. (e.g. a-ianges in ionic 

s-reng..-.. changes m p H , cr the addition of deratu-i-e -~ 
pounds or disulphide reducing compounds. * ' 

The expression .denaturing compound- refers to a comou-d 
W wnrch whan present as one of the so'uces in a UcuS 11 

s «iroTt pol T"- ii!s TOie=uies ^ *~»»i~'££r 

s.ates of tne polypeptide molecules leading to partial o- 

«a oy o denaturing compound increases witr -n- 
0 creasing concentrat-'o- i-v. _ . 

. enurat -°" of tne denaturing compound in the 

solution, but nay .furthermore be enhanced or moderated du- co 
tne Presence of , other .solutes in the. solution,...,, .by chafes 
« Physical parameters, e.g. temperature or pressure 
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As examples of suitable denaturing compounds to be us-d mav 
be mentioned urea, guanidine-HCl, di- Cl . 6 alkvlf crman^s S "*-* 
as dimethylformamide and di-C^-alkylsulphcnes . 

Examples of di.sulphide reducing compounds are elutath<o- 
yl-2-thiopyridyl disulphide, 2-thiocholyl-2-thicDV-<dyl 
disulphide, 2-mercaptoethar.ol-2-thiopyrid.vl disulphide and ' 
mercaptoacetate-2-thiopyridyl disulphide. 

A set of observations confirm the assumption that the pUus 
subunits are more or less unfolded while' bound to-c*- -*a-«- ' 
rone: As described in Xuehn et al., i 99 l, it is oossifci* » 
restore the PapD-PapG complex after denaturatic- bv a^~ 
access PapD. Further, preliminary results obtained' bv caJ* - 
lary electrophoresis shew that denaturatior. of f- *is«c- 
protein K3P-C-1' -140' gives a single form of the fusion os- 
tein, whereas two forms of the fusion protein are obeyed - 
capillary electrophoresis before deaaturation, cna major 
which is. unable to 'interact with PapD and one miner < s 
capable of interacting with PapD. It is therefore cor.t~r- 
plated that the denatured fusion protein may serve as a 
superior substrate in the different competitive assays 
described herein as does the non-denatured form, of the fus-o- 
protein. 

Thus, in a preferred embodiment of the invention, eh- com- 
pound of the invention causes a prevention, inhibition o- 
enhancement of the binding of a denatured form of eich~~a 
pilus subunit or an analogue thereof to PanD, and/or cau«s a 
prevention, inhibition or enhancement of the" bind* na o* a 
denatured form of MBP-Ol'-MO' to PapD and/or causes a'ore- • 
vencion, inhibition or enhancement of the binding of a dena- 
30 tured form of G125'-140' to PapD. 

-As will appear f rax. the examples, -compcunds -whioh should be 
capable of interacting with PapD and other chaoerones have 
already been identified and synthesized. These coxoounds 
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vhich' are all ^varns^acs =^ i 

— ?y-.a._os-dss are also an important can 



invention; 



t of the 



2-mydr=*y,.thyl 4-0-c e n 2 yl.^ D . slucopyranosld 

io soa-_ m ciycolyi «-o.^ i . / ,o-,l tt ee 1 Mx 8 oyr«e. <a .. 

Kethyl 2-o.ethyl-,. ,. C . (4- -meth^JpheayL^t^^I^.j,.^. 
hsxopyrar.cside; . w^a-o- 

thcxyJphenyxrnethyler.e-c.-D-nannohexoDyranoside. 

ber.syl-a-D-mar^ohpxcpyrar.oside; — acwy) 

methyl 2 ; 0- S chyI.3-C-di.e t hyl-;- butylsilyl . 6 . 0 . {4 , . _ : 

oe-zyi. s (S)- phenyl -a-D-nannohexoDyrar.os^de- 

2 ' 3 * anftydr °- 4 • f -»-p«^u ta ,,B: EE3?y:j . 

" " e . C !f 3 ' aZid r 2 - 0 - e ^-- 4 - S -°-P--^ X yber. 2 yUde n e. a . D . 
al t r opy ranos ide ; 

Methyl 3-azido-3-deoxv-2-0-^hvl-4-o n » % .. . . 
altro-pyranosid; ' 7 4-Q-p-methoxybenzyl-a.D. 

Methyl 3.azido. 6 .o. fca=2syl . 3 . decxy . 2 . 0 . e 4 _ 
30 beazyl-o-D^altropyrancside; F ^caoxy- 

Methyl 6-O-benzoyl -3 -desx-z^-o-o^-w * A 

. - ■ 0 eth y--4-0-p-raethcxybenzvl-3- 

sulfa.-n.no-a-D-altrcpyrar.cside scliun salt- 

Ma ?iiyl 5-0-benzoyl-2-d-~vv-?.n o,-wi , ' . 

raaoside aumcnium salt; ?**vj 

35 Methyl 3-azido-6-6-r> < "s» , > ->..i j 

jr i ao 5 o P-^oyl-3-deoxy-2.o.ethyl.4.0.p-inethoxv- 

benzyl-or-D-altropyrancside; *-«*y 
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Methyl e-C-pivaloyl-3-decxy-2-0-ethyl-4-0-p-methoxyb S nzyI.2. 
sulfamino-a-D-altropyranoside sodium salt; 

Methyl e-O-pivaloyl-S-deoxy^-o-ethyl-a-sulfaaiino-a-D.altro- 
pyranoside ammonium salt; 

5 Methyl e-O-pivalcyi-S-deoxy^-O-ethyl^-O-p-nethoxybenzyl^. 
tbucyloxamido-a-E-altropyranoside; 

Methyl 6-0-pivalcyl-3-deoxy-2.0-ethyl-3-o3cainido.a-D-alcro- 
pyranoside ammonium salt; 

Methyl 3 - azido - 5 - 0 -pyrrol - 3 ' • yl carboxyl - 3 - decxy - 2 - 0 - e thyl - 4 - 

G -p -methcxybenzyl -a- D- al t ropyranoside ; and 

,-. Methyl 6-0-pyrrol-3'-ylcarboxyi-3-deoxy-2-0-ethyl-3-sulfaxi- 
no-a-D-altrcpyrancside ammonium salt. 

Other compounds are of course also possible as interactors 
with sices in chaperones. As is evident from example 7, 
15 modified peptides also tray prove to be useful in the methods 
of the invention." 

As will be clear from the above, the identification of a site 
in the chapercne which may be affected so as to interfere 
with pilus assembly is a critical starting point in the 
20 methods described herein for the identification, isolation 
and synthesis of compounds capable of interacting with peri- 
plasmic chaperones. 

Thus, the invention also relates to a method for identifying 
a binding site in a molecular chaperone, comprising 

25 co- crystallizing the periplasmic molecular chaperone cr 

an analogue thereof with a ligand binding, to the peri- 
plasmic molecular chaperone or the analogue thereof, 

resolving the three-dimensional structure of the chapero- 

ne/ligand interaction, -thereby resolving -the three -dimen- 

30 sional structure of the periplasmic molecular chapercne 

or the analogue thereof when binding to the ligand. 
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determining- th'<=> ei «--> , , 

^ =»s cn- -iue-poi«c(sJ involved in the 

ir.termolecular ■* T-Pra , 

—^-eractioa between the n 6 ..vi,». 

identify the thus deternined site . p _ 
P'-Pl^= acinar caaperone or th. analog the ~:.,, 
or the analogue thereof. =»l«e— r chapercne 

2y the tern -ligand' as used herein, f a „„. 
10 - hi = h ^.din 5 to a host or «c"!J™!TT" ' 

connection a chaperons,. The b-d^-- " CSis 
interaction, which means that a fcW-cr • 
ligand and the *os- o- — , -S oecweer. the 

Vrt L. . °" - 5C2 ?~- molecule, exists. In o-h*~ 

vords, when bringing £ S£r . ole of . th . x ~ °~ r — 

5 the host or -ec-oto- -i./- 5 ^ a Sa - T?ie cf 

-lecuXe win substantia! £ £ ^ " ~- 

,• „ , J — — t-eci. tne sane 

inwemolecular interactions. . 

As mentioned above on* eib— *n- , toU 

. , . — e- 3 "— nent of the inve-"--i 0 - ■!<- r„ 
administer a substance W M-h v , 

iting or enhancing b^rTb*-- ™ B M inbib- 

lar chaperones. ? pUuS and mciecu- 

TtlTlll^TT: I:; 9 " 5 " * ^uticax com P0 . 
capable of inter^ ^ ^« ^ ^-e 
-ecuxar chaperons ^ b^^^^!^ 

such 0 : ^ ^^t-r^ of ths iocact pi " s ' in 

, o-n-ing. cf pn us subunits to the pe-itsl-B 

mic molecular chaperon- -c n ~~„ ^ . pe-ipx & s- 

in.co^tnatinnwUht^Was-'onT 1 , ' ~ **-=ed. 

carrier or excipient =-™ v "T*""^""' a= " ?:a "« 

--ance according to the-^T " ^ *" * 

h4f . ... • — .en_ion or a substance iden- 

tified/designed accordi-i- — ^ , 

...... °-cm 3 _ the methods of the invention 
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The pharmaceuticals and pharmaceuticals discussed h-rein a~a 
thus according to the invention., for the treatment and/o-' 
prophylaxis of the same conditions as those discussed wU' 
disclosing the method of treatment of - the invent ard 
? caused by the same bacterial speciesSN^^'-''- 

Therefore, a pharmaceutical composition, ' comprising, as an' 
active compound, a substance used in the theraoeutic re-ocs 
of the invention, a substance according to the" invention" o- a 
substance identified according to the methods o- tf- < — - 
tion, in combination with at least one pharmaceutical 
acceptable carrier or excipient. is a part of the invention. 

Such pharmaceutical compositions of the invention ccu">d a' so 
comprise at least cne additional pharmaceutical subscanc/ 
which i.a. could enhance the pharmaceutical effects ex= — 
15 by the substance of the invention or the substance identi-7 ec 
according to the invention. • 

Additional pharmaceutical substances could be steroid *o- 
nones, disinfectants, anti-pyrretics, etc. Preferablv an 
additional substance could be an antibacterial agent* 

2Z such an anti-bacterial agent could conveniently be «.!.«.- ■ 
from the group consisting of penicillins, ceohaiosocrirs 
aminoglycosides, sulfonamides, tetracyclines 
chloramphenicol, polymyxins, antimycobacterial drugs ard 
urinary antiseptics. 

K The invention also relates to a substance emoloved -T f~ 

methods of the inventicn as well as a substance* of th- "Na- 
tion and a substance identified according to the methods c- 7 
tne invention for use as a pharmaceutical. It is prefer 
that the..pharma.ceu.tical..is..f or-anti-baccerial- treatment 
and/or prophylaxis, especially treatment and/or prophvlaxis 
of diseases caused by tissue -adhering pilus formina bacceria 
and it is especially preferred chat the pharmaceutical is for 
treatment and/or phrophylaxis of urinary tract infection. 
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• Finally, the lnvention c<j 

ployed in the methods of the invention as well L a " 

stance of the invention and of a substance Juried' a 

ding to the methods of the invention for the 
S pharmaceutical composition for the crJ-J-! T " °' * 

laxis of bacterial infection. tWM «« Frcphy. 

LEGENDS TO FIGURES 

Pi3 ' 1: 2t£T " PUUS " ,tot -»^-P^. coa Md 
m .LISA rnxcrotiter plates and in solution. Th* 

se ^ences of the purified svn-W,-,. .. ■ 
. F i-ec ' synwhetic peptides us«d 

in thas study, are described separately - " 
X, Walse Roy S< and Kihlberg j, manuscriot i~ 
preparation. A and B: The peptides from tab^e i" 
were coated cn microliter wells and rested for 
- . their abxlity to bi nd to PapD in an EL ISA assay 

• described in example 2. Water insoluble oeotides 
were dissolved in 2 . 5 % acetic acid (AA) which had 
£ effect on the binding of ,Gl'-i 9 'WT to Part in 

,0 Tl* SS * y * Sra?h re -~ ese *« th. avera'ce of 

*° duplicate wells. " 



Fig. 2 
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orot«:-° f FUUS Peptides provides 

protection against enzyoatic proteolysis and blcc-„ 
binding of PapD to Papc. • °- oc,cs 

A Upper: Pap D , 15 „«,, w , s incubated h 
P) or with l 5 „ crypsiE (lane D iaa » <£- 

for 20 o,inuces and appiied to 20* s DS . PAGE . c^,. 

PSP, pIo™ t^ bandS <° 

LTtt co T :; : eirvr*-* 1 *~ 

scarrln, « , C0OH- terminal fragment of PaoD 
starting at residue 100 (C) are indicated) 
A Lower: The rate of trypsin cleavage of Pa P o 
..decreased upon preincubation with che Gl'-^WT 
Gl'-iS'wr or X1.-x9.kt peptides, but the G2'-2i'a- 
nu.de peptide had no effect. 50 n of purified Part 
was prexncubated for 15 nin at 25-c with a 20-fo^d 
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molar excess cf G1'-19'WT, Gl'-ig'WT, Kl' -19 'VT? or 
G2* -21' amide peptides (any trypsin cleavage sites 
in these peptides occur at their amino termini 
where they were predicted not to interfere with 
PapD) , or an equivalent volume of water. Each 
sample was then incubated at 27°C with 3.2 pg cf 
trypsin. Aliquots were removed after 0, 5, 10, 20 ; 
30 and 40 min and boiled in SDS-PAG3 sample buffer 
to stop the digestion. The samples were applied to 
15% SD3-PAG2 gels and the amount of full-length 
PapD remaining was determined by densitometry cf 
Coomassie blue stained bands corresponding to full- 
length PapD which are shewn. 

B: PacD incubated with the Gl' -19 ' VJT, GI'-IS'aT, 
Xl'-IS'WT, and G2'-21'amide was added to reduced, 
denatured PapD-PapG .and the amount of PapD- PapG 
complex restored in each sample was quantitated as 
described in example 2. The % inhibition represents 
the amount cf the PapD- PapG complex restored with 
peptide -treated PapD compared to the amount cf 
PapD- PapG complex restored with untreated PapD. The 
graph represent the average cf 4 experiments. PapD 
and PapD- PapG complex were prepared as described in 
F. Lindberg ec al, J . Baczeriol. 171, 6052 (1963) 
and S.J. Hultgren et a2., Prcc. Natl. Acad. Sci. 
USA 66, 4357 (1569) . 

Stereoscopic view of the three-dimensional struc- 
ture of PapD co- crystallized with the G1-19W7 
peptide determined to 3.0 A resolution. The peptide 
is bound in an extended conformation along the Gl £ 
strand in the cleft of PapD with the terminal car- 
boxylate group .forming, hydrogen bonds .with residues 
Arg-8 and Lys-112 cf PapD. 

Stereoscopic view of the 3.0 A resolution electron 
density of the G1-19WT peptide COOH- terminus and 
neighbouring PapD residues, superimposed on the 
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refined structure. The electron density man was 
calculated with coefficients (2j?o|-|?c|) and con- 
toured at la. 

Fig. 5 Stereoscopic view cf a PapD-peptide ccmolex showing 
5 its interaction with a twofold non- 

crystallographically related complex. 

Fig- 6 Superposition of COOK - terminal domains of native 
PapD (thick lines) and. complexed PapD (thin lines} 
showing the 13 ° difference in the hinoe bend angl- 
10 between the two structures. The structures were" ' 

superimposed using the LSQ option the program o. 
The resulting rms for 93 Ca atoms of the COOK cer- 
minal domain was C.S6 A. 
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Fig. 7: Ability cf PapD Arg-8. Lys-112 and Thr-7 mutants to 
bind PapG and restore the PapD- PapG complex in 
■ vitro. 0.4 fig of PapD- PapG complex was reduced and 
denatured as described in Fig. 23. The denatured 
PapC-PapG complex was then diluted with 0-630 ng 
purified wild type (WT) or mutant PaoD. The amount 
of PapD- PapG restored. in the samples was determined 
as in Fig. 23 and was graphed as a percentage of 
the greatest amount cf PapD-PapG restored. The 
values graphed represent the average cf 3 exoeri- 
mer - ts ' Wild cv ? e *r.d mutant PapD and the PavD-PaoG 

3 implex were purified as described in F. Lindberg 

et al, J. Eactericl. 171, 6052 (1989) and S.J. 
Kultgren et al.. Froc. Natl. Acad. Sci. USA 66. 
4357 (1989). 
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Fig. 8: 6-hycroxydopamir.e, hdo_0, and other members of the 
hdo family. hdc_0 Was used as =starting-poir.t for 
the construction of a family of compounds intended 
to bind to the binding -site of PapD. hdo_4: "Aryl" 
denotes 3,4- dihydrcxypheayl . 
hdo_6: "Aryi" i s a 3 . 4 - dihydroxypheny 1 group. 
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hdo_7: "Aryl" is a 3-hydroxyphenyl group. 
hdo_3: "Aryl" is a 3 -nitrophenyl group. 
hdo_9: "Aryl" is a phenyl group. 

Fig. 9: The hdo family and its interaction with PapD. 
5 A: "Aryl- is a phenyl group, a heteroarcmatic ring, 

or a substituted phenyl group with polar substitu- 
ents asymmetrically in order to obtain hydrophobic 
contact with the protein on one side and interac- 
tion with solvent water on the other. 

10 B: Examples of -Aryl" wherein R is hydrogen or 

alkyl; "X" is an oxygen atom, a sulphur atom, cr a 
amino group; and CG" is a negatively charged grcup, 
such as a carbcxyl group, a tetrazoyl group, a 
phosphate group, a phosphate ester or a sulphate 

15 group. 

C: Examples of the group CG. 

Pig. 10: General reaction scheme for the production of vari- 
ous members of the hdo family. 

Fig. ii: General reaction scheme for the production of vari- 
20 ous members of the bpy family. 

Pig. 12: General reaction scheme for the production cf. vari- 
ous members of the bpy family. 

Fig. 13: General reaction scheme for the production of vari- 
ous members cf the bpy family. 

25 Fig. 14: General reaction scheme for the production cf vari- 
ous members of the bpy family. 

Fig. 15: General reaction scheme for the production of va- 
rious members of the bpy. family.. 

Pig. IS: General reaction schema for the production of vs.- 
( 30 rious members cf the bpy family. 
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?ig. 17: Graph over the inhibitory efface of different 

lengths of C- terminal peptide fragments of p 5 - 0 r 
tae biding between PapD and the fusion orcte<. 
M3P-G1' -140' . ■ . . " • . "** 

f :r ent eXhiMtS 3 S ^ificantl y higher 
mhibitive' effect on the binding than does ch» 
shorter Gl'- 6< and Gl'-7< fragments. " ■ 

Pig. 18: Graph over the inhibitory effect of c-fere- an» 
logues of Gl'.fl. {whereia che g ^ ^ m4 ^ 

0 one at a tine has been replaced bv ser'r- (c, c - " 

Alanine (A) ) on the binding between PapD and tkl. 
fusion protein M3P-G1' -140 ' . 

The effect of the replacements of residues « 5. 

. S2d *' in G1 '* 8 ' rsV2als t*ac these residues «=* 
irrportant in the interaction with Pans, as th- " 
replacement of these residues results in less 
bitory peptides. 

Fig. 13: Graph over the inhibitory effect of di^e— ' 
logues of G1--8' (wherein the 8 amino acid resides 
one at a time has been deleted simultaneously w- t* 
Che addition of an N- terminal serine) cn the bi- 
ding between PapD and the fusion prot-- mb=- 
Cl* -140' . 

Also in this experiment, the significance of amino 
ac.d residues 4', S ', and 6' are emphasized, as the 
deletions at these positions leads to less inhih<- 
tory peptides.. 

Fig. 20: MBP/G fusion constructs, PapG- truncates and svn- 
thetic peptides used in example 10. 
The open box indicates the primary seousnce of 
PapG. The positions of the four Cys residues are 
shown. The hatched bar represents M3P. The startinc 
and ending residues of PapG fused onto the COOH- 
terminus of K3 P are noted for each fusion. The 
terminating residue for each PapG-rruncace is also 
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Seated. The names of the MB?/G fusion proofs 
are listed. In the lower portion of the figu-e "the 
solid boxes localize the PapD inCS ractive s lie's a" 
the sequences of the four peptides used in the 
example are listed (cf . also SEQ ID NQS: 13 . 22J ^ 

Fig. 21: PapD-XBP/G interactions in vivo. 

Periplasmic extracts containing PapD and each K3»/G 
fusion were subjected tc amylose affinity c s- cna " 
tcgraphy. The eiuates were analyzed or. A) a < ■> ** 
Ccomassie blue stained SDS polyacrylanice eel- e" 
western bloc using arci-PapD antiserum; cr" C ] 'a ' 
silver stained ISF gel. In Figs. 21A. 3 and C 
sables were purified form periplastic excra-ts 
containing PapD and M3? (lane 1} , ?azD a-d 
15. M3F-G1'-19' (lane 2), PapD and M3P- G "l< -8^' p a - 

3) , PapD and M3F-G1' -140' (lane 4) . The position o- 
co-purif ied PapD is indicated. MS? alone and 
fusion truncates also co-purified with the M3=/G 
fusions. The molecular weight of the slowest mic-a- 
ting bands on SDS-PAGE correspond to each full " 
length M3P/G fusion protein. On the IS ? g^ (C i 
several bands could be seen for the same reason A- 
unique band at pi 5 . 2 was detected in Fig. 2C, la- 
4. This band was excised, boiled in SDS sasral« 
buffer and analyzed by western blotting with ant-: - 
PapD and anti-Map antisera. it was composed of bit*- 
MB?-G1'-140< and PapD (Fig. 2D, lane 1, . 

Fig. 22: inhibition of chaperon, function by expression o* 
MBP/G fusions in vivo. 

Strains carrying p fj22 (papDJZEFGA) and olasnids 
encoding the M3P/G fusions were induced with i rxY 
IETG. ..Periplasmic extracts containing pilus sub- 
units and mbp (lane 1) . or M3P-G1--19' (lane 2). or 
M3P-G1'-81' (lane 3), or MBP-G1'-140' (lane 4) were 
analyzed by western blotting using anti-PapA 
antiserum (A) , or ant i- PapD -PapG antiserum* (3), cr 
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anti-tip fibrillin antiserum (C) . In this assav the 
preser.cs of the subunit indicates that chaoeron- " 
subur.it interactions occurred since subuni'ts are 
degraded in the absence of an interaction with the 
chaperons.- Note that the presence of the Par* PavG 
and PapF subunits decrease significantly when co-* 
expressed with MP3-G1 ' -14 0 • . 

Fig. 23: Binding of PapD to kbf/G fusion proteins in vitro 
(A) PapD was incubated with 1 ^ of axvlose affin- 
ity purified M3? (lane ), M3?-gi'-i 9 ' a &a* 2) 
M3?-G1'-S- (lane 3) , or M3P-G1' -140'- (lane" 4) 'and 
complex formation was evaluated or., the silver 
stained IE? gel. Positions cf KBP/G fusions, PavD 
and the PapD-MSP-GI » -14C complex are indicated" 
(3) Amylose affinity purified M3P/G fusion crcteirs 
- were coated to wells of micrctiter plates. The 

concentration of the MBP/G proteins in the wells *» 
indicated. Binding of 50 pmol/50 ml of PaoD to the 
iircnobilized proteins was determined by BLISA using 
ant i - PapD antiserum. . . 

Fig. 24: Identification of PapD-PapG2 truncate complex by 
acidic native gel electrophoresis. 

Periplasm containing PapD and PapG. PapG2 or PavGl • 
(lane 2. 3, and 4 respectively) were subjected to 
Gal ail- 4) Gal chromatography and eth eluates ware 
analysed on acidic native gel electrophoresis fol- 
lowing western blotting using anti-PacD (A) and 
anti-PapG (3i antisera. Purified PapD-PapG comalex 
was loaded in lane 1 . 

0 Fig. 25: Characterisation cf a second site on PapG recog- 
nised by PapD. 

Four synthetic peptides overlapping the PapG region ' 
from residue 15c' to 120' (indicated in Fig. 20) 
were coated to wells of microtiter plates. The 
concentration zt eath peptide in the wells is indi- 
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cated. Binding of 200 pmol/ 50 ml of PacD to the 
immobilized peptide was determined by ELISA using 
anti-PapD antiserum. 
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Identification of the motif of binding between PacD and 
Materials and Methods 

v ■ ■ . ■ _ " . 

PapD was prepared as described by A. Holmgren et al. in J 
Mol. Bid. 203, 279 (1938) and obtained front the Department 
of Molecular Microbiology, Washington University School of 
Medicine, St. Louis, USA. 

- 

The peptide Gl'-19'Wr was prepared using fmoc solid ohase • 
synthesis followed by purification by reversed phase HPLC. 
The peptide was obtained form Department of Chemistry, Uni- 
versity of Lund, Lund, Sweden. Table 1 indicates the ceocides 
used m binding assays in this application. 

in the present application, amino acid residues or oeotide 
fragments originating from other peptides than PanD (e g 
20 from PapG or from PapK) will be indicated with ',~e. g »Gl'- 
-19'WT- or "Pro-1", in order to distinguish such residu-s 
from amino acid residues of PapD. Further, the numbering is 
from the C-terminal end of the non-PapD peptide, i.e. G1--19- 
. denotes the 19 C-terminal amino acid residues of PapG. 

25 Crystallisation of PapD-pcptide complex 

-Crystals "of the Papp- peptide ..complex-, were obtained by valour 
diffusion against 20% PE38000, 0.1 M cacodylate buffer at pH 
5.0. and 0.2 M calcium acetate. The crystallisation droo " 
contained equal volumes of reservoir and protein solutions. 
30 The prot e in..soluticn (17 ng/ml) contained a 1:1 molar ratio 
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• of PapD and peptide in 20 mM Mg S ... v . , . 

X-ray crystallography 

. The obtained trysta's of the complex Se:wesn fa __ a „ d .„ 

5 protein were mounted inside sealed M — 

cubes and initial!, characterised byWni-? 
ray precession camera therebv o-aiLT? * °* * *" 

diffraction pattern on photo^^ ^r"-T * * 
tially non-distorted images of L r ^L*f , = 3 *" 

- J-J-'-z , two molecules in -v,^ - 
diffract to 2 . 9 A resolution A ^T^^ ^ 
15 rearing anode and Cu K a target. a 

Collection a*d process^ of experimental data 

In order to solv* r'-io = 

x ^ cne accmic structure. n * ^^-> „ , . 

^TOr. Che positions and intend ^kT^ 
rr.ction raxitna have to bs naasur-d t~ • 
20 Papi>- pe?tids cryscals wsrs ca eaS ^:f : **««my data for the 

wire area-detector syst-r ,y 3 «ulti- 

ct,tor system (Xuong et ai iQaen - 

obtained from a sincle crys-a' Li\^"- W * rs 
carried out using the s'ofc " aUi ' P r °««-S «M 

and Pflugrach. 1,87,. ^= „Vand sc-l^^* '^"'^ 
« carried out using ^1"^ ££T £ ~ 

(see CCP4, The SESC (ox, Collaborative p-o °L * T ' = 

S'Ts^jr 4 ' c — 

63=3 between .2.0.0 and 3.0 A 

30 resolution 4Rsyrn = Pt I jjH ^Q 

... - ...where I hi and J h are" the 

intensities of the indivdua*- « 

respectively) . * " MO s=ructu « Actors f 
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Solution of three-dimensional structure 

The structure of the PacD- pep tide complex was solved us-'ng 
the program XPLOX performing the standard' method of mclecu'a* 
replacement. The search model used was the refined 2.0 A 
5 resolution structure of PapD. Using 8.0 A to 4.0 A resclut<o- 
data, the self -rotation function gave a clear non-cryscallo- 
graphic two-fold axis, and the top two peaks of the cross - 
rotation gave the correct solution which was improved usinc 
Patterson correlation (PC) refinement. The correct solution 
10 was also obtained from the top peaks in the translation 
functions, the R-factor being 39.0% for 8.0 to 4.0 A reso- 
lution data (the R-factsr defined as t- p s|-|. g e| 

Refinement was obtained with subsequent rigid body refinement 
in which all four domains of the 2 PapD molecules in the 
asymmetric unit were allowed to refine independently resul- 
ting in a R-factor of 35.4% for the same data. 



15 



Examination of an |Fo|-|Fc| electron density map at 'this 
stage using the graphics program O showed clear density 
corresponding to the peptide in the PapD cleft and running 
20 along the surface of the protein. The orientation of the ~ 
peptide was easily determined from the electron density, but 
initially only the final io C- terminal amino-acids of the 
peptide could be modelled into density. 

Refinement and analysis of structure. 

25 Simulated annealing refinement with XPLOR was initiated at 
this stage/ Several additional cycles of model building and 
refinement were carried out with a further 4 peptide, amino- 
acids being added to yield an R-factor far...the current -model 
-of 18.2* -for 8v0 to* 3:0 A resolution data. The model at the 

30 present stage of refinement (which contains no water mole- 
cules and does not include the first 5 N- terminal amino-acids 
of the peptide) has root -mean square (rms) deviations from 
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ideal geometry of 0.020 for bonds lengths 

angles. e-gtns and 4.2» for bond 

The peptide i s seen to bind in an extend 
the C- terminal pro,- anchored withf t c ^fortnation with 
5 and proposed ( 6 , submit binding site f, lata *-*»*» cl*fc 
forced between the peptide carbL -e^ m ' 

positively charged residues of PaL Z T ft ^ ^ 
direct autagetesis has cow confSe^ t T T"'^ SiCe ' 
are essential for the bin^nc e - ZT Lys ' 112 
10 and in vivo (cf . ^" f^^ 5 ^ * 

der Waals contacts in th- c^ef- wY^ 

domains of PapD: T ^-7 -p-!'^ -7 rSSldUeS *»» **h 
«4. The neighbouring ^ ris JJ S ;^;"° — »- 
shallow pocket forxsd becw~- che , ! ' Um 13 a 
5 terminal domain ^ ^ ~ "° <* the N- 

the surface of the N-te-ninl '/ thM aicn * 

strand interaction 3 * 

hydrogen ^ are ^W.S^:^^. 7 ^ ^ 
» peptide and Gln-ioo. to lys-lio c <- TJ r T ° £ "» 

sheet of Peps out into the peptide ' * 

Apart form the C-terninal res -dues St. „ 
are relatively few contacts iZZn'^'TT^' °™ 
Peptide and Pap C . The major inte^oj , ' °* " * 
-in chain hydrogen hoods to strand " ^ a^h ' * ^ 
number of hydrophobic interaccio-s witMn « T i ' " 

particular between the centi^s'tL^f *" Sh<! "' " 

103. ue-ios and Un-ie^f t£T£ "*» *" 

Calculations revealed tbar'"-W* * . 

chains of residues * , T\ side 
■totai-buried . surface «ea',5S2 Sf 2 °* « 

the protein. Therefore e«- thl JT"^ ^"^ "* 
cf the complex is provlo-d via Z ""^ StatUil " 1 « 

interactions are not i« -l^J ****** 

they provide oart of Z "? " ** beUeVeQ th « 

,,*r- of the explanation for the specificity of 
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PapD for pilus related peptides and subunits. Experimental 
support of this theory is provided by the reduced binding V 
PapD to the peptide G2'-21<«mide as compared to the Gl'-^ 
■ Pept.de (Fig. IB and table C) . Kydrogen bonding of the COOH 
> terminus of the G2' ^I'amide (which lacks Pro-i'J to Jtaw-s 
and Lys-112 of PapD allows inain chain hydrogen bonding, but 
dislocates the four hydrophobic side chains in the peptide ' 
from their subsites in PapD, resulting in a reduction in 
binding strength. 

Within the crystal the PapD-peptide fi sheet was extended ev*n 
further as a result of non-crystallographic twofold symmetry 
which placed a second PapD-peptide complex adjacent to the 
first so that the two bound peptide chains interacted as 
antiparallel # strands. In the present model, eight main 
chain hydrogen bonds are formed" between the two peotides; se» 
the following table: 
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Cin-I04-C=0 
AJa-105-NH . 



5 Ah-106-C=O 
Gb-108-NH . 



Gln-I08-C=0 
Lys-110-NH . 



Lys-liO-c=o . 
l 0 Lys-112-N2 . . 
Arg-8-NH 2 . . . 



GIu-J3'-NH . 
GIu-13 , .C=0 



Scr-H\NH_. 
Ser-ir-C=0 



Scr^'-NH 

Ser-9'-C=o 

• • • Msc-S'-NTf 

• . . Mcr«S'-C=0 

^-7'-NH ... 
Tlrtf'-C-O .... 

• ■ . M=t-6'-NH 

. . Mct-6'-c=0 

Val-S'-NH 

Va]-5'-C~0 

• • Leu-4'.NH 

. . Leu-4'-C=0 

Ser-3'-C»o 
.Phe-2'-NH 

.Pro-r-COOH 
. Pro- 1'- CO OH 



Pro-r-COOH 
Pro-r-CQOH 
Phe-2'-NH . . 

Ser-3'-C=*0 

Ser-3'-NH 

Leu-4 # -c=0 
Lew-NH ... 

■ .Va!-5--C=0 

■• -VaI-5'-NH 

Mct^'-c-o ... 
Met^.NH .... 

• • * ... Tkr-7'-C=0 

• - ? - - . Thf-7'*NH 

Met-8 f -C=0 

• ? . . . Ser-9'-NH 



.Glu-i3\c=0 
•Clu-13'.NH 
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.Lys-112.N2 
.Lys-H0-C=o 



-Lys-UO-NH 
.Gb-I08-C=O 



.Gln-IOS-.VH 
.Ak-lC6-C=0 



-Ala-106-NH 



A mixed £ sheet is thus c-eat 

extends over ten ff st-a^s r*L * tWeea rhe two co *Pl**es and 
between the two non^ry^al aall I *° C ° ntaCts are observed 
" cules themselves, both o^ w PapD ^ 

' environments within the I™™ !T in 

crystal and possessed a similar 
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number of intermolecular contacts. The calculated buried 
surface area between the two non-crystallographically related 
■ peptides was 520 A 2 , a value similar to the surface area 
buried between the protein and peptide. This "dimerization" 
5 appears to be a consequence of crystal packing, because all 
evidence shews that PapD forms monomeric complexes with 
peptides or with intact PapG in solution. 

The hydrogen bonding pattern between PapD and the peptide 
breaks at Ser-3' , but the peptide remains in van der Waals 

10 contact with PapD until Ser-ll' where the peptide runs beyond 
the Fl-Gl loop, but remains hydrogen bonded to the non- 
crystallographically related peptide. as far as>Glu-l3' (table 
B) . The last resolved amino acid of the peptide is. Gly-14' 
which is positioned close tc the binding cleft of the ncn- 

15 crystallographically related PapD. the first five amino 
terminal amino acids, including three positively charged 
residues, had no density and therefore must have been dis- 
ordered in the crystal structure. In agreement with this, the 
peptide's amino terminus is not important for binding to PapD 

20 in solution, since the G1'-7'KT peptide lacking the amino 

terminal 12 amino acids is found to be an effective inhibitor 
cf PapD binding to the immobilized G1'-19'V7T peptide (table C 
and example 2) . 

The structures of the individual PapD domains in the peptide 
25 complex are essentially the same as those of native PapD 
s (Holmgren and Eranden, 1SS9J . However, there .'is a significant 
movement of the domains with respect to each other with a 13° 
jaw-closing or hinge bending motion making the angle of the 
PapD boomerang more acute (?ig. 6) . Whether or not this 
30 conformational change is the result of binding of peptide or 
different crystal packing between the "two crystal structures 
is -unclear. 

In the native PapD structure the electron density obtained 
for the long Fl-Gl loop is poor between residues 96 and 102, 
35 suggesting that it is rather flexible and "disordered in the 
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• crystal. r n the peptide^ hovev*- th ,. , 

resolved, indication chat binding o- th ? " betCer 

loop more riaid Suoe-™-, ! * pep6id * this 

native Pa^ ^\Trl2 a 9 ' ^-^-1 domains of 

s a^rcr" r^rr tfcat there ±s — 

. the two structures (rms for the Ho IT P ° SiCion betw ^a 
1.34 A, with a maximum main ch ai 1? °" ' fco "» is 

-U-X03,. t he peptide com^^J^^ * * 
one end away forn the , J*? 1 "* 15 sssa t0 twist at 

0 thus facilitate * mere ex e nsTve t^t^ ^ 
and the peptide. As wi^ J? f ° e ? ws ^ s trand Gl 

domains \> • -^nge -bending of the two 

domains , it is not yet possible tcsay «< > h ce , V - 4 ° . " 
this loon sh<ft is > certainty whether 

- B "-^ c is a conseouence o^oa-(-^ 0 v - j- 
crystal packinc; th- " *«4in0 or of 

: „ *~ s - °P e " conformation of t*« Fi-n 

' l0 ° ? «sgw« -hat .it may be largely th- i a *-.- v"" 

less, evidence tha- s <Hlar • r ' * evsrt ^- 

s-R_iar interaction between' Pann a-,* 
peptides cr pilus subunits occur in so ^H n , . 
protease protection experiments ll T * 

is Protected from trypcic cleavage ^ f ^ 
native PapG and the Gl< - 13 ^ * J* ln? ° f botfc 

2A). Peptide (example 2 and Fig. 

EXAMPLE 2 

Binding between PaeJD and th~ e- 

peptides c-koxyl terming of other Pap . 

Peptides (see taL i} ^1 * 

carboxyl terminal residls^P ^ "V**** " 
PapG, Pans, v aZ)F BaoK * °' P pllus subu *it proteins 
« 1992 Si ap "' res P ec tively (eee: Grant et 

' 1992 ' Preferences cited therein) . 



3OC10: <WO_.951*0?9A2 i_> 



WO 95/14028 



PCT/DS94/13455 



Name 

Gl' -19'WT 
Gl'-16'WT 
5 Gl'-ll'WT* 
G1'-7'WT 

G1'-19'SV . 
Gl ' • 19 ' amide 
G2' -21 'amide 

io Ei'-i9'vrr* 

El' -19'WT 
XI' -19'WT , 
Fl' -19'WT 

• MS 



SEQ ID NO: 
6 
7 
8 
9 

10 
11 
12 

13 
14 

* 5 
16 
17 
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Table 1 

Peptide sequence 
NH 2 -GKHXFGELSGSWTMVLSFP - COOlT 
NH 2 - JCPGSLSGSJiTMVLSFP - COGH 
NH 2 - SGSMTMVLSFP - COOH 
NK 2 - TMVLS F? - COOH 

NK 2 - GKRKPVELSGSMTMVLSS ? - COOK 
NK 2 - GKSXPGEIjSGSMTMVLS F? - CON" -, 
N>-2 -^GKPJCPGELSGSMTMVLS?- CONT-% 

NK ? ■ QNLIAGFFSATATLVASYS - COOH 
NK 2 - XXL2AGNYFAVLGFRVDY3 - COOH 
Nn 2 " KSVVPGDYEATATFELTYR- COOH 
KK 2 - GILNGGDFCTTASMAMZ YN- COOH 
NH-> - YAIAPNft,VI?TSLAL-L-- COOK 



IS * Water insoluble peptides 



20 



25 



30 



the residues in .the peptides, were numbered starting with the 
carboxyl terminal residue as 1, and ending with the amino 
terminal residue. Peptides were also synthesized which devi- 
ated in length (Gl' -is- wT, Gl'-ll'WT, Gl'-7'WT) or sequence 
(G2'-21'amide, G1'-19'SV, Gl'-19/NH 2 ) from the wild type PapG 
carboxyl terminal sequence. Using ah enzyme -linked immunosor- 
bent assay (ELISA) , we tested the ability of PapD to bind to 
each peptide coated on wells of microtiter plates : 

5 mg/ml stock solutions of peptides in water or 50% acetic 
acid were diluted to a concentration of 2,5 pmol/50 yd in 
P2S. SO fil of the pepcide solution was coated overnight • onto 
microtiter wells (Nunc -irnuno plate Maxisorp) at 4"C. The 
solutions in the plates were discarded, and the wells were 
blocked with 200 nl 3* bovine serum albumin (BSA, Sigma) in 
PBS (120 mM NaCl/2.7 irW.KCl/10 mM phosphate buffer salts, t>H 
7.4) for 2 hours at 2S 9 C. The plates were washed vigorously 3 
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times with PBS and incubated with 50 .1 e , h „ . 
amount of purified P apD (Lindb _ *° £ C * th * Seated 
washes with PBS, the well, i^L^I- ^ 3 

tion of an t i-p apD rabbit ant ^seruT^ ^ * 1:500 dilu " 

wells were incubated with a l-iooTdV. ^ PSS ' chs 

rabbit igo coupled to alkali ^ ° f g ° ac anti ' 

BSA/P3S for 45 ,dn/at s^C Pou" PhataSe in 3 * ' 

3 washes with developing bu^fe! x ^ d^ 9 ^ P3S 

substrate (Si^) in devslop ^ 

The absorbance at. 405 m was r~d afte- ~ n ^ Sd - 
in the dark at 25 *c. ° 111111 of in =ubaticr. 

« =0 ^ 

tion a is A ; 5rs teste" "*; P T " » "a* 1 * aw*- 

Plastic nucrotiter places: 
Kierotiter wells uare coat-* ov»m'»s> 

2.5 pmoi/50 „1 of the G1.- 1S .^1m 4 ' C " ith 50 * Cf 
=0 washed with P2S Md bioccea P 3 T h f!: *" ""^ 

incubated with „ 0 ^ '^J^ — Pre- 

Peptid. solucicn was then added to 11 " V °" ^ 
incubated at 2S°c for « „,„ *™ " C0a = 6lS «"« and 
W The subseoueot pris^-v artTh * prese »« « 3* 9SA/PSS. 

Peptides to inhibit birdw «. „ anility of the 

was calculated by div^- V" *T *° G ^"" Peptide 
Presence of peptide w< tt'th. ^ M *■* biodi! * in the 

'0 presence of w*«r o^Lbit ^ °' *"* ^ ia «" 

- ~ t hM r^r^:: r.^ 
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As can be seer, the peptides bound well to the PapG peptide, 
moderately to PapE, PapF and PapK, whereas there" was no 
binding to PapK and the random hydrophobic peptide, MS. (?ic. 
1A) . These results suggest that the chaperone recognizes 
5 PapG, PapS, PapF and PapK in part by binding to the carboxyl 
terminus of these subunits. The inability of PapD to interact 
with the PapK peptide indicates that PapD binds differently 
to PapK, possibly due to PapH' s function as a polymerization 
terminator (Baga et al., 1987). The ability of a peptide cc 
10 inhibit PapD binding to immobilized GI'-19'WT generally 

corresponded to the affinity that PapD had'fcr the respective 
immobilized peptide (Fig. i, % inhibition), arguing that the 
* interaction of PapD with soluble and immobilized peptides is 
similar. 

25 As can be seen from example 1, the molecular basis cf the 
PapD- peptide interactions have been studied by co- crystalli- 
zation of PapD with the G1'-19'WT peptide. In summary, the 15 
amino acid peptide is anchored in the chaperone cleft by 
hydrogen bonds between the peptide's carbcxy terminus and 

20 Arg-8 and Lys-112 which are invariant in all periplastic 

chapsrones (Holmgren et al., 1S92) . The peptide bound to the 
Gl strand of PapS as a parallel 0- strand, forming at least 1C . ' 
bacl'cbone hydrogen bonds, and resulted in an ordering of the 
?1 co Gl loop. 

25 Replacement of the carboxyl terminal proline on the PapG 
peptide with an amide (G2' -21 'amide) abolished binding to 
PapD in solution and reduced binding of PapD to the immcbi- 
lized peptide by approximately 75% (Pig. 13) . In contrast, 
substituting only the carboxylate group with an amide to 

30 create the G1'-19'NH 2 peptide did not affect binding to PapD 
in either the immobilized or soluble inhibition ELISA assays 
(Pig. 13) .-These results' indicate that the terminal proline 
probably is required to position the carboxylate group so 
that it can form hydrogen bonds with the invariant Arg-8 and 

35 Lys-112 cleft residues. 
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tlTJ*™* 1 ^ sh °-"~ «-«•« 

,7 e mobilized Gl'- 19' WT 

peptide « solution. Tabi e c shows the ability of a 7s 
• molar excess of the- water soluble prides to ±r,lt i 

of 100 pmol/well of Pap, to V-J^^J^^ 
inhibition represents the percentage of Pan* MndLT \ 
presence of the peptide compared to i„ 

and are the average c* two p« fl ^ Presence of water 

cate: experiments performed in dupli- 



Table C 



Peptide v inhibition 



Gl'-19' 
Gl' -7*' 
IS Gl'-4' 
MS 

G2' -21 'amide 
Gl' -19 'amide 



63 
45 
0 
1 
0 
56 



20 



25 



30 



J*PZ> does not bind to Mobilized Gl'-7<w^ M „^^ . ' 

because this peptide «« Co she-! , ' Peptide, probably 

veil as well as PaoD r t \w ^ " Che 

^ as wen as PapD. it, chus seems 

carboxyl terminal res'd-» s „ 

a ^ Z eS * d - es are necessary for Pa nD binding o* 

a peptide. Together t^ca ^ oc .,,, . - Ui "» °- 

„ ■£ ^ tZZ~±<zzz * 

Conserved residues phenv'aia n <n« , . 

„ i»«-/.«ianine and glycine residues at 

positions 2 and u frcm c-» , , 

, uhe , . . CRl C " e ca rboxyl terminus were substi- 

tuted by serine.. and va*-— ra „ a „ ( , 

respectively, to create the 
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peptide G1'-19'SV and decreased binding to PapD by 35%. This 
could result form less efficient coating or presentation ir 
the micrctiter place since Gi'.i9'5V was as efficient a 
soluble PapD inhibitor as the peptide Gi'-i9'WT (Fig. IB) . 
5 Since these residues are critical for incorporation of PapG 
into the pilus, it is believed that they be more important • 
for incersubunic polymerization interactions and pilus assem- 
bly than in PapD subunic interactions in vivo. 

Partial digestion with trypsin cleave PapD in the Fl-Gl loop 
10 at residues Leu-103 and Lys-99, respectively: 

•400 ug of FapD was partially digested by incubaticn with 
either 4,5^g trypsin or C.45 fig chymotrypsin on P3S for 20 
min. at 37°C. The PapD digests were applied to a C-16 H?LC 
column Oeckman) and 2 major fragments were eluted with .a oV 

IS 100% acetonitrile gradient in 0.01% trif luoroacetic acid. The 
PapD fragments were identified by their molecular weight on 
SDS-PAGE and amino- terminal sequencing. The N- terminal amino 
acid sequences of the approximately 14 kDa tryptic and chyrao- 
tryptic fragments were identified as residues 100-103 aad 

20 104 -,109 of PapD, respectively, corresponding to cleavage 
after Lys-99 (for trypsin) and Leu-103 (for chymotrypsin) . 
The N- terminal sequences of the 11 and 12 kDa bands in the 
digests were identical tc the N- terminal sequence of PapD. 

The Gl'-19'WT, Gl'-lS'WT and Kl' -19' KT peptides, but not the 
25 G2'-2l'amide peptide, reduced the rate of tryptic cleavage of 
PapD over time (Fig. 2A! . These data argue that binding of 
PapD to the peptide altered contacting the loop and thereby 
protectin to form cleavage . This effect may be related tc the 
ordering of the Fl-Gl loco of PapD observed in the PapD- 
30 peptide crystal structure, and suggests that, in solution, 
both peptides - extends alr.-.g the Gl ' : /5 -strand and interact with 
the Fl-Gl loop of PapD. 
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A3 described in Kuehn ecai., Proc „„, , 

«5es (is Si) , native pa pD is a h ,„ J " ' Ac2d - Sci - «» 88. 

-ed Paps aaa restore £ 

This recchscitution assay wasusfd f " WEr °- 

5 =f the peptides to inhibit top^-ivi ""^ "» 
limited soiubUicy of the K ^*L ^ 
prevented the testing of this p.ot"iL i" "V 8 """-^ has 
sing amounts of the ei'-M-lm ""j ""^ 

des inhibit restoration of cb"e pL" "I "* * 1 '- 19 ' HT F*W- 
M vhiie the «. -ax-anide oeot'd"! ^T,*"*" * 

prevent PacP tm fcindin , „ indicated " 

*es bound in the subunit binding site of ^ 

The ability of Deotid=s -o ^>,,-K- fc 
« co^iex by Pa s p Jas'tes^a" H^T"" ^ 

»"> -W« »es reduced and den«u~d b ' °' 3 * S ° f 
for 20 snn W ich 4 « u-ea/10 »M ^ y iacuba " oa « *S-C 
<S= pooi, of PapP « "f" ' » » 

"•5 re (2.5-7.2S nnol) e . „.„-,!. 1 f ° r 1? «" 
*0 was then added to the « 1** 

- «'C for to B in. and ^tiJ^T^T^' 
=ia). The exeunt of PsocpL rel- „ " ^ (Eha:ir - £ - 
Stated by densititry^ 'e " " "* ~ 
corresponding, to the pl c/tne « C^." 1 * 1 - E? — 

2S sits directed mutations i« — 

of PapD predicted to be c^llVll T"*"" ^ reSiduss 
tion were constructed to test SL£ ******** ^erac- 
tal structure is a refW Q f ChS Pa ^-P«P^de crys- 
subunit interaction £££ VvT* °* PapI5 - pilUS 
30 are indicated in F< g 3 , ' PCSiti ° nS ° f Che 

to a valine (Thr^Val in'o^ Thr ' 7 ™ Ranged 

— P-^ed >y*oZ^;S:£T Whether ^ '™ 

subunits. ?-^ical for PapD binding to 

This mutation removed the hyd- 3 *vi „ 

35 the steric volume of the S -!' c Z n T ? ^ Mir * Caini - 

• e s-„_ chain. Mutations in Lys-112 and 
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Arg-8 were designed to test whether hydrogen bending to th 
terminal carboxylate group of piius subunics is a c-'ci-a'" 
feature of the chaperone recognition process. The inva-ian"- 
Lys-112 residue was changed to an alanine (Lys-li2-Ala) to" 
remove the charged side chain and to a methionine (Lys-i'V 
Met) to replace the charged group with a hydrochillic grcuo 
while maintaining the side chain packing. The invariant Ar= 
has been shown previously to be required tor the abilicy"o- 
PapD to bind subunits and mediate pilus assembly in Wvo 
(Slonim et al, 1992). Glu-167 /E167 > a variable reside <- 
domain 2 of PapD (?ig. 3), does not appear to be involved^ 
the interaction between PapD and the peptide in the crys-al 
structure and mutarions in this residue" have been shown :c" 
have little or no effect on PapD function in vivo (Slcnim er 
15 al, 19S2). E157 was changed to histidine (2IS7K) zo zest 

whether this negatively charged residue at the lio of domain 
2 has any role in the PapD-peptide interaction. All of the" 
. mutants were secreted into the periplasmic soace as staii- 

proteins similar to- wild type PapD. In addition, the eluticn 
0 profile form a cation- exchange F?LG column and the electro- 
phoretic properties of the purified mutant Pa P Ds were simula- 
te the wild type protein, supporting the prediction that 
these mutations would not affect the overall structure of 
PapD (data not shown). 

5 The ability of the mutant chaperones to bind pilus subunits 
and modulate pilus assembly in vivo was correlated to the — 
ability to bind to the G1'-19'KT peptide and to PavG in 
vitro. Wild type PapD bound the G1'-19'WT peptide to cause a 
mobility shift towards the negative electrode in a native 
> polyacrylamide gel assay (Lam and Calderwood, 1992) , orcbably 
due to a net positive charge increase in the PapD-peptide 
complex. In contrast, when Arg-e-Gly, Arg-S-Ala and Lys-.112- 
.. -Ala . PapD -mutants were -incubated with the Gi'-19'WT peptide 
they did not cause a mobility shift in the native - page assay, 
indicating that these nutations in PapD abolished peptide 
binding. Similarly, mutations in Arg-6 and Lys-112 abolished 
the ability of PapD to bind to PapG and reconstitute the 
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PapD-Papa complex in vitro tv<* -?\ 

subunits and mediate oilus assLl * " PilUS 

Pilus assembly xn vivc (cf> taMe 2) 



Table 2 




Residue 

dm Muuoon 
Invariant Arg-8-Gly 

Arg-8-Ala 

Arg-8-Mct 

Lys-112.AU NW - 
Lys-112-Met Nooe - 
Conserved Tnr-7-Val 64 + + + ' 
Variable GIu-167QC* 128 + + + 



+ + + . 



ND ND 



+ + +■+ + + 



15 ' 



i>pc PapD h« » HA titer of 128. ««lut lnUe , exj^ocytes. HB10I/ P PAP37 e*pt«ii, 5 wfld 

The amount of p£E asseabled w*r e ntle*^ <v 



X indict muttons to Hu. Asp. Thr t or Cly. 



intrcduce a»tat<o,, in T '»«-««»■ ««« usee to 

•ace aiuca^.oas in cha papD gene (SEQ 10 NO: 1) : 



Thr-7-val 



5--GTCaMCACCGCCGGAACTCGTCCa5GCGA.3'SE0 ID NO: 3 
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LyS-112-Ala 5 ' - CGGGCGATAAAAAAGAGCTATTTTGGTCTG - 3 ' S2Q ID NO: 4 
Lys-112 -Mfet 5 ' - GCGATAAAAAAGCATTATTTTCCTCTG- 3 ' SEQ ID NO: 5 

Mutations in papD were confirmed by sequencing and 'the 
altered papD genes were cloned into vector pMM391 under the 
S inducible P MC promotor as previously described for other ' 
papD mutations (Slonim et ai, 1992) . The plasaids were named 
pThr-7-Val, pLys-112-Ala and pLys-112-Met according to the 
residue number and mutated amino acid. Plasmid pLSlOl is an 
isogenic construct containing the wild type papD gene; 
10 plasmid pE167K, pR8G and pR8A contain genes encoding PapD ' 
with point mutations changing Glu-167 to His and Arg-8 to Gly 
and Ala, respectively. 

The data presented in this example and example l demonstrate 
chat che PapD-peptide interactions found in the crystal 

15 structure reflects the PapD-pilus subunit interaction inter- 
face in vivo. These interactions define for the first time a 
mechanism whereby chaperor.es utilize their immunoglobulin- 
like domains in a novel recognition paradigm to bind to a 
diverse group of proteins. PapD residues Arg-8 and Lys-112, 

20 located in ^-strands in the cleft between the two domains,' 
play crucial roles in chaperone recognition by servings as 
molecular anchors for the carboxyl terminus of pilus pro- 
teins. The fact that Arg-8 and Lys-112 are highly conserved 
amongst periplasmic chapercnes indicates that they probably 
2- have a universal role in forming the -active site- that binds 
to the terminal carboxylate group of other protein subunits. 
Backbone hydrogen bonds along the /5- strand of PapD 
subsequently provide strcnc, sequence -independent interac- 
ticns along the length of the carboxyl terminus of the sub- 
30 unit.., The "zippering" interaction of the conserved alter- 
nating hydrophobic residues of the carboxyl terminus of the 
pilus subunit with the conserved alternating hydrophobic 
residues in the Gl 0- strand of the chaperone adds strength 
and specificity to the binding. Therefore, unlike other 
•35 imnunoglobulih'-'like proceir.s (Amit et al, 1988 and de Vos et 
al, 1992), PapD utilizes the /S-strand and interdomain cleft 
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features of its immunoglobulin-!^- st^ctur. - 
recognition melanism for bindin t0 l^l ™ f * * 

teins. Variable residues in in C °. several different pro- 
„,•,» 7 resicues in iocp regions of antibodies n-« 

vide the exquisite specificity recess^ " soa -es p.o- 

5 antibody binding repertoire. S^Zll Jzll* ** 

loop- of PapD ray provide specif scu?;/lT S J"' F1 * G1 
since these have been found to v^Vl^ST? * ' 

amongst, meters of the oeriolas^f * 5 * composition 

et *l, 1932). ? e "P^^c chaperone family (Holmgren 

10 EXAMPLE 3 

Designs? of compounds capable of bindin- to eh- 

cf PacD co 11:22 t^dizcr site 



- .-. .r;^' tns - c ^tior. of a prcnisinc binding site 

fcr inhibitory lianas as c^-ww • " J cS 

— ceswrihed in ExamDles l an o 
computer programs 'PLIM' ard 'PLiv nac 77 

com A3, were us-d to -^L f^- 035 ' developed by Symbi- 
c-oabl- oVlnl ! templates for families of compounds 

capable of binding to the binding site (see the general 
description above) . s^erai 

20 hif r T- " 3 20 * ^ the of the 

..20 high-resolution structure of Papo, searching for low- *n~~y 
binding positions for IT-: nk n rv- =, „ „ - n --Sy 
rurs results <„ 2 ' ° * robes - The PLIM 

runs resulted in a numcer of suggested positions and or< -na- 
tions of favourable chemical groups . (site points, in the" 
region near Arg-8 and Lys-112.. 

25 Approximately SO sites wore . _. ^ 

/ sices were -dentified. and then trials e 

. tha. u u say they muse have approoriace 

T\"T i0OShlFS • dlS " nCM Md orientals 
could be found in a real molecule. 



30 



tionf n L "° leCUlar SCtU " Ur ' s natch the posi. 

tions of these groups of site points, using PLIM DBS. 
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The best of these database hits were examined visually using 
a computer-graphic modelling system, and the most promising 
of these were selected according to a wealth of physico-chem- 
ical reasoning. 

S Modifications were made as described above to improve binding 
and simplify synthesis. For example, phenyl rings were added 
to give better complementarity to the hydrophobic surface of 
the binding site, charged groups were added to bind to 
charged groups cn the protein that had been outside the sccpe 

0 cf Plim, frequently toxic sub- structures were removed, and •" 
groups were replaced with functionally similar ones for 
synthetic reasons. Many such judgements were made, resulting 
in twc families of csraounds (hdo and bpy) with differing ' 
combinations of characteristics. 

5 The efficacy of these modifications was finally assessed 
using molecular- dynamics free energy calculations as 
described herein to study the stability of the protein-ligand 
complex (Aqvist etal., 1994). 

Two structures froir. one family and one from the second family 
were then deemed wcrthy of synthesis and testing. 

The development of a number of the member cf these families 
of compounds will now be described in detail . 

The first family (herein referred to as hdo) was derived from 
a database entry for 6 • hydroxy dopamine , denoted hdo_0 (Fig. 
8) . The molecule binds to the PapD side chains cf Arg-8 and 
Lys-112, and to the backbone of Lys-iiO through hydrogen-bond 
donation from the hydroxyl groups. The primary-amino group 
hydrogen-bonds to the side chain of Thr-170. 

Derivative hdo_i (Fig. 8) was created from this base struc- 
ture by replacing an hydroxyl group with a carboxylic acid 
that can have.a, charge interaction with Arg-8 and Lys-112, 
and replacing the hysrcxyl para to this position with a new 
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original aromatic ring with a sugar attach,- ; epla " 3s the 
* Pr^ry a^ire ahd earho^lie ac id s^ * 

as to maintain sinllar ralatlve «»•»*• V * '"^ 

hydros groups „ one side o: Ja^^^rsoT 39 ' 
present a hydrophiUic face to the solvent L ^." 

At this point the structure looted convincing e-cuch r„ 
1C invest ti« in a 

e ; whtoh suggested fat the azino group would not L"f"a-i ' 

-IntialV" ^-7 of Papp. out would n- 

rentiallv point ^rn eoii^,'^ - . * 

ding re^Lents £ ^ r 1 e ^ f^-*- 
« Protein side-chain. „us. that r ' -ouot- ZZfT* 
sinsrlv dnne^m >,„„• , s-oup.wa* replaced by th= 

" ?xy aona^mg hycroxyl croup, a s«-eo n,=- -,i . 
synthesis, th- -esu^t h«<" " ^ als ° siKl P^ied 

, c- -esu-t being structure hdo_6 (Pig. 8 , 

Due to the perceived nrobab-iii-v 

hydroxy! suhstitutior/patttrn^ ^ X"^ 
replaced by a nitro crouo fc- « u 

(hdoj, Fig. 8). ~ " 6336 ° f s ^^esis 

A final compound with the previous nitro a~ouo Wt o~ 
<S also considered a possibility a-d ^ e I W&S 
E) r . ■ L£,1 — cv ' and was known as hdo_9 (Pig. 

Another molecular -dynamics s4im.i» , 

results of which sugg^.d that n " ^ "» 

tiers would indeed £ «d1 a^T Pr ' !aiC " !l im:erIC - 

0 statistical analysis^ t v. ~ f* * 

•M.._Fit- showed that J: i: 3 ; 1 " *** "** Pr ° 3ran 
Change substantially "J^Z^IC^ SJ" 
occur were compensated fe- , ?eS dld 

fc ~ b ^ complementary shifts in the 
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protein structure that maintained all significant interac- 
tions . 

Dynamics simulation of hdo_8 was complicated by the lack of 
availability of suitable molecular-mechanics parameters for 
S the meta-nitro substituted ring, which made assessment 

through molecular- dynamics simulations harder to rely upon. ' 
and this influenced the decision to pursue hdo_9. 

The range of possibilities that were considered during the 
design phase of the hdo family are summarised in Fig. S. 



10 



20 



The second family, known as boy. was derived from a database 
entry for (methyl-o,N,N-azoxy) -methyl-P-D-glucopyranoside 
cycasin (Xawamir.ami ec al, is si) denoted as bpy_0 herein: 




OH N , 



I 
O 



bpy_0 



The conformation stored in the database was non-optimal for 
15 binding to the PapD site, though it was close enough to be 
picked out by the Plim_D3S search. Small, adjustments made to 
the internal tcrsion angles improved the binding pattern 
somewhat. 



It is interesting to note that there are precedents for the 
approach of using a central carbohydrate as a scaffold to 
which functionalities are attached as- to mimic a peptide 
(Hirschmann et al, 1992). 

Derivative bpy_l was then created by adding a phenyl ring to 
the 6-positib'n, in order to fill out the hydrophobic cleft i: 
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the protein. The 4 -OH grouo should f orm . / 

interaction with the eWt-on-r^H favo ^bl e dipole 

.roup, and together vi^e Vof ™ ° f «» 

bond should stabilize the desired hydrogen 

uj-co ro tamer . 

It was decided that the Lys-112 »„,, * 

ta " ra « -* - rts r ins th - ■ 

the ligand do so . tv „ * s ° U P ac 2-posirion in 

fore bpy _ 2 ras creaiefl °; re X i a r :1 h r9ed h SIDUP - - . 

bpy_4 was created by removinc the , 
*° that the sulphate grouo hid a h lZ T ^ f *" 
with the Arg-e side 4ai-" i f ! < * ttce ° f ^erecting 

^y.re.ovin/the V*££ « ^ ~ created 
formula shows t^I]^ * P ^ bpy - 5 ' Th * following 




R» R 2 

'OH bpy f 

•OH -OS0 2 - b P y_2 

-o-pcy-o- bpy _ 3 

• H -oscy bpy _ 4 

-° H -OPO? bpy 5 

-OPOa 2 - bpy.e. 



Consideration was the- c--» n - 

«d patches or hydroohc- Sma11 hydro P hobi = Pocket 

near position V on the* " th * Solveac 

*-.-a_. at. aglycon that could make 
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contact wich these carj-c ^. 

cares or the protein and D-efe^afeiv a1 
interact with solvent was mg u t Thssa P-««-«Wy also 
the reolaceneat of th- *™ «miidtration. led to 

. ^.-ac o. the azoxy group at position- with * ^ 
hydrcxv-4-methvlcvcloncr.r„-i - wlcn a 2- 

. m-.nyicyclopencyl group, resulting in bpy_ 7: 



10 



15 




oso, * 



bpy_7 



At this point, a molecu'a*- r™,^, 

n * . . . - a ~ c yaaaics run was made, the r»sui t« 

of wnicn suggested that the structure bound wen but th'at 
Che ejected hydrophobic contacts between the ^^ntl 
and the protein were not maintained. ^-^tane 

Thus, b P y__s was created from bpy_ 7 with the cvcloo-ntane 
group removed replaced by an group L Inte'al 

charge was moved fro, ^ * ^ ' 

stab llise d oy the inclusion of a an-lir* that can donate a 
hydrogen bond to the cxyge, M ^ ^ The s£er J°^ a * 

arrangement of functionalities m nn " al . 

• . kles cn Positions 1-3 now confe-s 

conformational rigidity to the structure as weU as 1 1 
plificacion of synthesis. * S *" £im ' 
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^OH 




NH OMe 

NaO,S 



bpy_9 



More dynamics were run. this time suga-s^r~ h „ 

form a stable complex with the prot-^"" s"-Ji a T-\ l'" W ° Uld 

^v. _ . . ^ ' sjiiiar tc t^* wiv 

that was envisaged during the desicn. 

.5 Further developments 

3y using reasoning in line, with the. above- desc- W ■ 
compounds have been designed (both from th- hdT^v " 
from the bpy.fami ly, , The ccnpounds of J^-^ *** 

described by the general formulas I and r- C 
i rt . . u ~ Lc: ' i> x ana jj. here"* ^ Tv-n m^r-- 

10 premising compounds rssulti-a rh. , , ° Sw 

synthesized, of. example 4 31131/965 

in the further development of designed compounds usin- t- 
above- described methods >- 3e . „• " s - tils 

sca , llicy or ls. x » rn; t y - bea : ^ tha= • 

wion between the confound and the Ara-a Tm«i* " 

Arg-8 is essential for ^ T V JT * 

w , — " - vo function of PacD o rh a 

otner hand, the stability o« -h* , 

Signed eon*ounds and ^s stil T ° ^""^ 

20 th, interaction with Ly ^"L depentoC 00 

'These observations co^ U -h. "" S "" d - 
the s-abl. h,^° ! .he-sarprising observation that 

Tc* „ S PapD "« is vary 

ntuch deoeudent on the <« a r 

rwo molecules, between the ,-sheets of the 



rtSOOOO: «WO 95i«028A2J„> 



WO 95/14028 



PCTAJSW/13455 



103 

EXAMPLE 4 



Synthesis of compounds of the hdo family capable of binding 
to the binding- site of PapD 

General methods 

5 *H- and 13 C-NMR spectra were recorded ir. CDC1 3 at 300 and 75 
MHz respectively on a Varian Gemini 300 spectrometer unless 
otherwise stated. Signals from undeuterated solvent at 7.25 
and 77.0 ppm respectively were used as internal reference " 
signals. Optical rotations were measured using a Perkir. sly- 
10 241 polarimeter. 

Thin layer chromatography was performed on Merck DC-Fsrz<<r- 
platten (Kiselgel 60 F 25 . 0.25 mm) and soots visualized by 
spraying with 10* sulphuric acid followed by charrinc a . 
elevated temperature and/or spraying with molybdatophoschoric 
acid hydrate/Ce(S0 4 ) 2 /dil. H 2 S0 4 followed by heating (molyb- 
datophosphoric acid hydrate = R , t?(Mo 3 O 10 ) 4 J x h 2 0, E.Merck. 
Darmstadt, Germany) 

Ethyl 2, 5 -O-dibenzoyl - 4 -O-benzyl -1 - thio-d-D-glucohexcpyrano- 



15 



side 



20 



Ethyl 2.3-0-dlb««oyi-4,S.0.beazylidene-i-t±io-tf-D-glucoh*xo. 
pyranoside (150 mg. 0.29 aaaol) was dissolved together with 
borane-dimethylamine complex (68 mg. i.is mmol)' in dry 
toluene (20 A). Powdered 4 A molecular sieves (180 mg) was 
added and the mixture was stirred at room temoerature for 20 
25 minutes. Aluminum trichloride (154 mg. i.ig mmol) was added 
and after disappearance, of the starting material (aporox. 10 
win., silica tic toluene/acetonitrile 4:1) the mixture was 

filtered, treated with DowexC-?.) i.cn,exchange resin until - the 

solution was clear, and filtered again. The filtrate was 
concentrated and co-evapo raced twice with methanol to yield 
200 mg residue which upon chromatography on silica (toluene- 
acetonitrile 8:1) gave 60 mg. 40% of ethyl 2,3-0-dibenzcyl-4- 
O-benzyl -i - thio-0-D-giucche:copyranoside . 



30 



OCOD: <VVO 951*029A2.I_> 
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H3), 5.37 (t, ,.a Hz, IB, H2> 4 „ ,! S " Hs ' »■ 

to. w. 4.o 2 - 3 , 55 ^ 3 as ' 7S £ £ !: e 1H ' «"* 
s «g. 7.s K2, aaj, i. 2s (e . 7 . 5 Ez \^ 2 - e ' «. w>, 2 .,, 

■hexqpyranqsi ds ^ i-thio-g -D-g2uco- 

Sthyl 2,3-0.diben 2 oyl-4-0-b6n 2 yl-i. t Mo « n , 

Side ( 20 0 0.38 ^, .3 C9h ^ aa0 ' 

nature was stirred and atcained atX^ t! ' ' ^ 

The aixcure was diluted wi" ^ ^ ^ 
-1th sacd. ac, sodiu, hydros * a3hsd 
over sodium sulphate. The so^verti wit ^ 
" pressure and the residue 

Phy on S iii ca g el ( toluene- aceton^ \ ^ 

53* of ethyl 6-0-acetyr-2 3-o d\hl \ ' C ° yield 2C * 

B-glucohexcpyranoside- ^^^^^.-O-benzyl-x.t:,^^. 

>B.BG (CDC1 3 , 5): 3 . 0-7.2 (nBn , , s « _ . q 
2 ° »>., 5.40 ( t , s.e Hz, „ K2T 4 " ' ( ' ^ **' 1K ' 

«■«» «d, 10.. Kz, 2H, bz 1 ' -CH ) ^° **' »' «■» 

H*, 1H. H4), 3.77 (d dd, 9 [ 7 £ % f' 3.S7 C c. ,.5 

<*< 2B). 2.09 (s. 3K>. 1. 2S (t , 3H} ' ^ **' »' H5 >' 2 ^ 

fflucoAexopyranoside ^"'^^^^^-O-banzyl^^. 

S-O-Acetyl-z^-O-dibenzoyl^-o-benzy^a th ,« * « . , 
ranoside ( 60 0 wg. x . 04 ^ ^ , ^ 9lUC ° hs3Cop y- 

2 oh ^ • ! 411(3 N-iodosuccinimide Usa 

... ^OB.aeaol, dried 3h, <ro:iaiba~. -ag. 
30 acetonitrile f7 i u -«car) were dissolved in dry 

mixture was stirred for 25 , ^ addsd and the 

• cooled on an ice-bath Tri'7 " ^ teiCperature then 

h ' Trx - luo ^eth y isulphonic acid (ia „i f 
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0.21 xranol) was carefully added. Complete conversion of star- 
ting material had occurred after 10 minutes {tic: silica 
toluene-acetonitrile 4:1). The reaction was quenched by 
addition of triethylamine, the mixture was diluted with 
5 dichloromethane, washed with water, sodium hydrogen carbonate 
and dried over sodium sulphate. The solvents were removed 
under reduced pressure and the residue subjected to chroma- 
tography on silica (toluene-acetonitrile 11:1) to yield 560 
mg,. 86% of ethyl 6-0-acetyl-2, 3-0-dibenzoyl-4-0-benzyl-i- 
10 thio-/S-D-glucohexopyranoside. 

Ezhyl 2, 3 -0 -Dibenzoylr 4-0 -benzyl -JL- thio-0 -D-glucohexopyramo- 
side (hdo_9:l) 

Ethyl 2,2-0-diben2cyl-4 / 6-0-ben2ylidene-l-thio-^-D-gluco- 
hexopyranoside (Chemical Abstracts, RN 1495S3-03-6 cr Hall- 

15 gren and Widmalm, 1953) was dissolved together with bo- 

rane-dimethylamine complex {63 mg, i.iS'ainol) in dry toluene 
(20 ml) (reaction "a n in Fig. 6). Powdered 4 A molecular 
sieves (180 mg) were added and the mixture was stirred at 
room temperature for 20 minutes. Aluminium trichloride (154 

20 mg, l.lfi mmol) was added and after disappearance of the 
starting material (approx. 10 min. , silica tic 
toluene/acetonitrile 4:1} the mixture was filtered/ treated 
with Dowex(H*) ion-exchange resin until the solution was 
clear, and filtered again. The filtrate was concentrated and 

25 co-evaporated twice with methanol to yield 2C0 mg residue 
which upon chromatography on silica (toluene-acetonitrile 
8:1) gave 60 mg, 40* of hdo_9:l. 

a H-NMR (CDC1 3 ,6): 8.0-7.2 (mm, 1SK) , 5.75 (t, 9.4Hz, IK, K3) , 
S..37 (t, S.8K2, IK, JK2), 4.74 (d, 9.8Hz, 1H # HI) , 4.61 (S, 
30 3EU 4.^2-3.95 and 3.85-3.75 (2 bm, 2K, 2K6) 3.94 (t, 

9.5HZ, 1H, H4), 3.63 (ddd, 9.7Hz, 3.9Hz, 2. 6Hs, 1H, K5) , 2.74 
(2c, 7.5Hz, 2H), 1.25 (t; 7.5Hz, 3H) . 
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Ethyl S -o-acscyl -2,3 -O-dibenzoyl -4 -O-benzvl , th - , 
Ethyl 2-3-o-dibe K oyl.4-o-benzvl.i. thio „ 

side (hdo_»,i, , 200 m o 3a T S UCOheXopyrMO -' 

S ice-cooled aixcure of ^ILTS l^f 1 — ^ ln " 

«). The mixture was ^ed LTL^ r**"* S ' 
overnight. The mixture was d<lut.d ^ temperature 
washed with saturated IT^Z il ° kl "™«™ «* 

water, dried over sottuTsulpUl ^7,*" ca *°-« — 
» under reduced pressure and zlTr 's'l " 

chroratcgraphv on sUica L ? t M "* SUb ^ c " d to flash 

yield JM '^"ne-aceconitm. to 

.'H-NHS (CBC1 3 , o) : S.C.J ( „ _ 

■*»>. S.«0 It. 9.8F* 1-, B , it ' S " 2H2 - la - 

" and 4.55 (« ; 4 - 71 < 4 ' »•«*• IK. K. 4.59 

— -/ 114;, 3.77 fddd, S.7Hz i sv- , --s«2. 

dry ace t oni t rile ( ; ml' f' 1 ^ Were dissolved in 

and cha mixture was s:i- ra d -o- 11 ' ' ms added 

and than cooled on an <ce-ba-h~ - IT " te "*«acure . 

of starting material had occu^L^' ^ le " Cmvmim 

'0 silica toluene-acetcnitril^ff *" er " iDUteS <tlC: 
by addition of t rietbvl~< !. I ' r **" iM 
dichloromethaae, washadTlth w^ - dUU " d ■ 

and dried over sodium ^r f!' rarbM "' 

• under reduced pressure a^!' Th ?/° lVen " "» "»~ed 

sure and one residue subjected to chroma- 
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tography on silica (tcluene-aceccnicrile ua, to yield 560 
mg, 86V of (hdo_9:3). 

Sodium Glycolyl '-O-benzyl-fi-D-flucohexopytaxoside (hao_ S) 

Methylglycolyl 6-0-acetyl. 2 , 3-q-diben 2 oyl-4.o-ba 3 zyl-0-D- 
glucohexopyranoside (hdo_9:3) (350 mg, 0 .59 mmcl) was dis- 
solved in 7 A 25 m sodium methoxide Methanol) and stored 
at room temperature for 20 h or until only a very sicw-movinc 
spot could be detected cn tic by sulphuric acid charging 
(silica, toluene-acetcnitrile 4:1). A saall sai ^ 1& of this 
solution (=i, was retained as tic reference before the methyl 
glycolate hydrolysis. Sodium hydroxide (15 mg) and water (-00 
*1) was added and stirring was continued for Eh or until aH 
■i- was consumed (tic silica, ethyl acetate -ethano!- acetic " 
acid 8:3:1,. The .reaction was quenched by bringina the oH to 
15 4.2 with acetic acid. The solvents' were removed under Educed 
pressure and the residue (630 rr.g) was subjected to flash 
chromatography on silica (ethyl acetate -ethanol -acetic acid 
8:3:1) . The material io the R t - range 0.15 - 0.25 was col- 
lected and concentrated to yield 178 mg, 92 % of amorohous 
2 0 white solid. 

>K-NMR (CD3OD. 5 relative to methanol at 3.31 ppo, : 7.45 (m, 
Srf), 4. Bo <d, 11.0 Hz, 1H), 4. 35 ( d , 16 . 0 Hz, 1H), 4.32 (d, 
7.9 Hz, 1H, El). 4.11 (d, 15.8 Hz. l 3 ) , 3.82 (dd, 2.0 Hz, 
22.1 Hz, 1H, H6), 3.65 (dd, 4.8 Hz, 12.1 Hz, 1H, H6) , 3.59 
(t. 9.0 Hz, IE, H3 or H4, , 3.40 (t, 9.1 Hz, l H . H3 or H4) 

This material still contained much acetic acid,' so SO mg was 
redissolved in water and freeze-dried to give 30 mg of sub- 
stance free acetic acid but with a water content (-H-NMR) of 
24.5. xnol, eq.. 

This material was again redissolved in water and 1 equivalent 
of sodium hydroxide was added, the solution was freeze-dried 
to give 22 mg of the title compound. 
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• X H-IM fo,0D. 6 relative to rrechano! 

7.22 4 . 95 (d< 10>3 - ^ - « M. 7. 40 . 

4.65 (d, n.o Hz, 1H, 4 , J! ? * rSSldual «» at 
7.5 H 2 , 1H, HI) , 4 ; 10 (d< , ' 8 4 H2 3 ; «• ".0 H 2 , 1H , , 4 . 32 (d# 

*. 1H. E3). 3 .« <t, S.7H 1 2 ^ 2 ' 5 1H ' «' ' 3 ' 59 

82). ' H4) ' 3.15-3.0S (m. 2S, H5, 

"cnmr (cd 3 od, « relative to sk-^-. 

140.0, l 29 . 3 , w 10 3 " 49 -° 175 -- 

10 75.2, 68 .4, 62.3. ' ^V*' 78 - 77 -2. 75.7, 

2- (Hydroxy) ethvl 4-C-b~hzvi <? n , 

- - -^-^-D-sluccpyranoside ( hdo _22) 

A mixture of K-lodowcclalsid. (0 109 e 

criflic acid (6.S »i 0 07-- * 4 IrCl ° 1) and 

■S thioglycoside ethyl 6-0-acetvl- 2 3 " 0 T " ° ? ChS 

ethylen glycol (0.125 nd 2 2 7 2 ,\ ° *' °' 372 ^ • 
».« S, 4 A) in cichloro^na" ^ 
rco, temperature during 5^ f** < 3 ™> ■* 

5 ~ 20 * -version of £ "l*"- 
*-Iodosuccini*ide (0.^09 o r Aa '° Slycoside > thus more 

C0 744 ^ in ^ aeid .... 
was added during 5 nla A -t- w'- «">tr.(2 ffll, 

vas mt^ tl ^-. t^"?".-- «» 

ous solution of sodium hyt ,; J" °* Cel "« *=« an aque . 
bisulphite. The orgttie L.r" f " SOdiU " 
water, aried ( „a 3 s 0< , M d eoro^VtTT' ^ Wi " 
coevaporeted twice with toCf d" a , , *T MS 
tainins sodi m methoxide no^' tl Tt *" '" tl " aot 
«>d evaporated. Column ch~„„' **? 1 h at s »*=- 

thaool. V ater, .10 OjiSi : ) ™ *»««*~~ 

*) • C " s residue save hdo_23 (33 ng, 30 

teip . 0.9. te mecl . anol i 

TLC: Rf 0.29 (chl-o-3#r.^, 

tchlo.o.cnn-mschanol.water, 1C0:15:1]. 
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• 13 C-NMR (CD3OD, 6: relative to methanol at 49.0 pom) e . 
139.9, 129.2, 129.0, 128.6, 104,4 (C-l) . 79.2, 78*.2, 77 0 
75.7, 75.4, 72.3, 62.3, 62.3 ppm. 

1 h-kmr (CD3OD, 6: relative to methanol at 3.31 pom)) fl. 
S 7.45-7.25 (m, 5H,, 4.95 (d, 11.0 Hz, 1H. benzylic) .4.65 (d 
11.0 Hz, ih, benzylic). 4.29 (d, 7.7. :, 2 , 1 H . K -i, PP 1 " 

EXAMPLE 5 

Synthesis- of compounds of the bpy family capable of bindira 
to the binding- site of PapD 

10 Methyl t'-nettcxyphsnylnsmyl-n-.cx-D.^ 

mixture of 4, 6-, 2, 3-erdc and 2, 3-exo moncacetals 

(See: Patroni et al, 1983) . 

Methyl a-D-mannohexopyranoside. (38.8 g, 200 .tmol) and' o- 
toluenesulphonic acid (200 me) were dissolved in dimethvl^or- 
manu.de (300 ml) and stirred at lOO'C under a nitrogen stream 
4-mechoxy-benzaldehyde dimethyl acetal (37.7 g. 240 mmol) in' 
dimethylformamide (300 ml) was added dropwise under 3h S<nce 
starting material still remained (tic. silica, ethyi ace- 
tate), stirring and heating was continued for 2h. The conoo- 
sition of the reaction mixture did not show any visible 
change at that time (tic, silica, ethyl acetate) and the 
reaction was quenched with potassium carbonate (2.15 g) The 
solvent was removed under reduced pressure and the residue" 
was filtered through silica (ethyl acetate) to remove salts 
and starting material. The concentrated eluents deoosited 
monoacetals Ch-KMR) on trituration with methyl t-butyl ethe- 
(11 g, 18%) , which was collected by filtration. The filtrates 
- were subjected to flash chromatography to yield additional 2C 
..g of the jnonoacetal - mixture -(yield 51%) and 17 g of the 
30 2,3;4,6-di acetals (endo/exo - 1.-1) . 
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• Methyl 2-0. ethyl. 4 g.n u> u 

Methyl 4 '-nethoxyp he „ yiCTethylene . a m J 

r-ixture of 4,6-, 2 , 3 . enc , 0 J d 3 ^ mi0hsX ^^ide S , 

—XI and tetra^y!^^ ^ l0d ^ e 1, 54.3 

- added a solution of sodiL W^£^ a (5 °° ^ ' Tc 
water (so ml, and the mixture waf^t g ' nutol) in 

1 cay S/ with daily addi .,. o _ s J * eate <* at reflux for four 

sodium hydroxide (i m, A , t * V 7 " "° dide (2 ' 4 «U ar.d 20* 
in the composition of °° VlSible ehaB S« 

by tic (toluene-ethyl ace'tatel*" ^ "> uld bs 
to cool, the phases sera-at-d ' m allowsd 

with wacer (3x, and d- e d LVf - ph&S * 
was removed under -ed^d Z ^ «» -alv^e 

Dected to flash cfarc-Hra-^i, residue was sub- 

—-ate The f^:°:;; ? ;L° a SUiCa ^ hyi 

" 0-40 on tic (,oluen e : e ^~ n 2 g S" R* 
croaatographed as ah cve Co " 1-ld , ,/ Were pooIed and re- 
compound. Fractions cental l!* g ' 2 " ° f ths cit ^ 
tic were found to consist tr a ST"™* ** " °' 32 « 

•T-cnophenylmethyleno a — *• ° f nonoe tiiylated 

- a_ a . re 3l o- isomers (i H -NMR). 

f*J D ° - +H.2«(cl.02, CHC1 3 ) 



30 



"H-NMR (CDC1-. fll • i a- . 

v ^3' °)> 7.4* (symm.m, 2H) 6 pa / 

l». 1H), 4.77 ( d# 1.3 Hz i, ' <■*■».■, 2E), 5.53 

-K, «), 4.02 (dt, 4.0 - T 3 ^ ' * 2 9.7 Hz, 
»•> Hz, 1H, E6 ), 3.8O-3";: s 3 H !' 1H ' HS) < 3-83 (dd, u H z, 

2-0-CHHCH 3 ), 3.66 (ddf 7\ .J! 61. 1-OMe, H3,H4, 

«. 2-0-CHT4CH3), 3.69 I ■»» ' 3 ^-3.55 (nr. 

«< ^0HX, -3H, 2„-0,GH 2 ^; ' ^.48 • (d, -IK, OH") , 1.25 

X H-NMR (CDCI3. with added .-',cy-OMr 

bamateNH). 7.38 (sym - . ' C) ! 8 ' S4 (s ' 1H ' acylcar- 

-K), 5.27 (dd,.3: 5 *> r".'.' °* 88 tsy™'*' 2H) , 5.52 (s, 

" n "' 1K * H3J ' 4 ' 7 « 1.6 Hz, ip- 
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HI), 4.32-4.20 (m, IK, , 4.13 (symm.m, 1H , H 5) , 3.97 (dd 1 8 
H*. 3.5 H 2 , 1H, H2), ,.91-3.80 On, 1H> . 3.79 . II. 
3-7-3.54 (m, 3H ), 3.4. (,, 3K , Ar-OMe, , ,.23 { ' t , 7.0 ^ ' 

s ue-MB (cdcIj, a) , led, a,.,, 127 . 6< la 

79.4, 78.8, 68.7, 68.3, 67.2, 63.2, 55.2. 54.9, 15.4 " 
Calc. for C 17 H 2S 0 7 : C: 59.8 H: 7,38, 
Methyl 2-0-ethyl.3,0-di as thyl-fbutylsUyl.4 t s-C.(4^^ 

Methyl 2-0-ethyl-4,6-0- (4' -.T.ethcxy}ph SI :ylmsthylene. a .D.= l annc- 
hexopyranoside (bpy_9:i) (0.98 g, 2.88 nmo'l) was dissolved «- 
cry methylene chloride (is m; together with crietny' iiu>/" 
(600^1, "4.32 mmol, and the mixture was ice-cooled. t^uty!-' 
dxmethylsilyl trifluromethyi sulphonate (795 pi, 3.45 mmol, 
an methylene chloride (2 ml) was added dropwise and the 
reaction mixture with the cooling bath was left at ambW 
te.-nperature overnight (tic silica toluene -methyl t-butyl 

ether 4:1). The excess silylafincr reaoo„- 

. J reagen^ was destroyec fcv 

-ddxtxon of methanol (3 ml} , the mixture was conceiitrac-d" 
under reduced pressure and the residue was subjected to'flash 
cnromatcgraphy on silica (toluene -methyl t-butyi ether 40 -r, 
to yield 1.40 g, 100% of (bpy_9: 2 ). 

TsZ^au'', 7 '" (Sy ^- m ' 2E} ' 6 ' 8? 2K >' ».» 

(s. 1H), 4.70 (d, 1.3 Kz, IK, HI). 4.21 (dd, 4.6 9 9 H - 

2S IK, H6), 4.10 (dd, 3.3 H=, 8.7 Hz. 1H, H3,, 3.91 (t. 9 S £ • 

1--., H4), 3.90-3.79 (« over!, m, SH, H6, 2-OCSHCK 3 ;l-OMe) , 

l' 76 :.l; 6 \ ln ' f ' H5 ' 2 -"****>. 3.55 (dd. 1.5 Hz. 3.3 Hz, 
1H *2>, 3.67 (s, 3H. Ar-CKe), 1.24 (t, 7.0 Kz. 3H), 0.86 (s, 
9H), 0.08 (s, 3H), 0.03 (s. 2H) . 

30 "c-NMR (CDCI3, 6): 159.9. 133.3. 127.5, 113.4, 101.8, 101.2. 
79.9, 79.1, 70.3, 68.8. 68.2. 64, l, 55.2, 54.8, 25.8, 18.3. 
• 15.6, -4.4, -4.-9V 
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Methyl 2-0-et*yl. 3 -0.dimethyi- c . bu * vlsi , , 
methyl 2-C-ethy2. 3 -O-cLLmeth yl-t-hu^i~-, 

Methyl S-O-echyl-s-O-dimechyl-t-^vlsOv! , c 

S. 7.95 nmol, was dissolved in a-tc^-w, ? Fy - 9s2) {3 ' 61 
over 4 A molecular sieves), ocvae^ed It t'l e f ^ ^ 
10 g) was added and the mixture cool-d . ' ^TT ^ " 
atmosphere and stirred for ,5 V *Z Vl ° ^ * ni:r -"- 

(3.04 g 47 7 1. ." ua - Sodiusl cvanchorohvdrid- 

5, 17.7 ncnoj.) was add^d ard a ^. * 

thylsilare (7.9s 47 7 " " 8 SSl " lon ° f <*iorotri«. 

perature was allowed to rise to 0'c J. te= " 
ethyl acetate 4:1) s >-ow.d = „^„ . r " tlc 

-*-ui. The jLzr* "u ! : :::r er ! ion ° £ «^ 

«Ut.. washed thorouohly wth «v , S 2 CelieaS ' Pad ' tt * 
. filtrates were washed £f ~*«V «» —** 

nate, ao. satd. sodiur, chio-L 

Pressure, redissolv* '.^ «-*r reduced 

reduced pressure. The J"™^ "** 

tography on silica (toluene-ethyl ac=tato . , t * 
obtain bpy 9:8 ( . boy 2 , yl aC - tate -thte 1:1) to 

65V. ~ ?y - 2 — } 573 16 *.«d (b P y_9:3) 2.34 c, 

*Py_9:3 (some assignments from COSY, HETCOH, , . 

-J- 67 — - - 

W< 4.C2 (dd, 3 1 Hz c ^ I' f!' » ' E1) ' - 4 ' 51 <*• W.l Hz/ 
3.7 9 ,3... 6 0... J ( m , 5 « -H4 2 : ; I H3) ' 2 ' B ° 3H/.1-.OBJ. 

(s. 3K. Ar-oMe) , a . M „ e ^ * 2 ° *=' 33 Hz ' 1K ' K2 »- 2 " 

«. ....... „.„.„ . B j-£i;* ••«.*•» 
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*H-NMR (CDCI3, with added CI3CCONC, 6): 8. 40 ( S/ 1H , acyl-ar- 
b*rate NH) , 7.24 (eymm.n, 2H, ArH3',5«), 6.8c (symm.m, 2H 
ArK2',HS'), 4.82 (d, 11.2 Ez, IH) , 4.57 (d, 2.0 Ez. IK, Hi) 
4.43-4.32 (*, 2K, 2H6), 4.08-3.98 (m, IE, H3) , 3.78 (s, 3F 
5 1-OMe), 3. 77-3. 61 (m, 4H. H3. 2-0CK 2 CH 3 , H4) , 3.46 (dd, 1.8 
EZ, 3.1 H Z/ IH, H2), 3.34 (s, 3H, Ar-OMe)', 1.22 (t, 7.0 Hz, 
3H), 0.96 (s, 9H), 0.14 (s, 3H) , 0.13 (s, 3H) . 

13 C-NMR (CDC1 3 , 6): 159.1, 130.7, 129.3, 113.8, 99.8, 75. 5, 
75.7, 74.7, 73.0, 72.2. 67.4, 62.5, 55.2, 54.7, 18.0, 15.7 . 
10 4.3, -4.6. 

l3 C-HMa. (CDC1 3 , wi-h added C1 3 CC0NC, 6): 159.3 (Ar C4'), 
157.4, 149.3, 130.2 (Ar C2 ' ) , 129.6 (ArC3',C5'), 113.8 (Ar 
C2',C6'), 99.6 (CI), 79.2 (C2) , 74.56* (4-OCH 2 Ar or 2- 
CK 3 CH 3 ), 74.54* (4-0CH 2 Ar or2-£K 2 rH 3 ), 73.2 (C3) , 69.7 (C5) , 
15 67.2 (C4), 66.3 (C6) , 55.2 (1-OMe) , 54.9 (Ar-OMe) , 25.9 
.(QS£ 3 ), 18.0 (£Me 3 ), 15.6, -4.3, -4.7. 

kpy_9 • 8 : 

1 K-NMR <CDC1 3 , 5): 7.23 (sy^n.rr., 2K) , 6.86 (sy^r..*, 2K) , 4.70 
(d, 1.8 EZ, IH, HI), 4.55 (d, 11.7 Ez, IE, H6) , 4.51 (d, 11.6 
20 Ez, IS, H6), 3.89-3.55 and 3.79 (m and s, 7H, E3, H4, E" 2- 
OCH 2 CK 3 , 1-OMe) , 3.44 (dd, 1.8 Hz, 2.9 Hz, IE, H2), 3.56 '(5, 
3H, Ar-OMe) , 2.29 (d, 2.0 Hz, IH, 4-OH) , 1.20 (t, 7.0 Hz, 
3H), 0.92 (s, 9H), 0.13 (s, 3H) . 0.12 (3, 3E> . 

"C-NMR (CDC1 3 , 6): 159.1, 130.3, 129.3, 113.7, 99.7, 78.9, 
25 73.19*, 73.16*, 71.3, 70.3, 69.1, 67.2, 55.2, 54.8, 25.8. 
18.2, 15.6, -4.5, -4.6. 

♦resolved by multiplying the FID with a gaussian weigth- 
f unction. 



Z--XIO: <WO 9SI4028A2.I.. 



30 



35 



WO 95/14028 

PCI7US94/13455 

114 

Methyl '■0-tl V l. 3 .o^i mavl . t . 1)a ■ 
(Oxidation ref. D.F. Taher et al t « 

1987) Methy! 2-0.«hyl.3- 0 . d(nie ^J- Ti S621 " 2 . 

0.438 mmol) md dimethylsulphoxide ( 6 4.0 2 0 , I?' 
dissolved in dichloronethare (2 s J Z, ' * f 01 ' " ers 

Phosphorpeatoxide fl2* nc n P7(: „ , , ice-Bath. 
Uh) . The mixture was aaain ice-coo'ed and t ...-L 

lutioa of the gel-liice suspension. The " 
and the mixture was stirred at R- V rMCV4i 
8 ethyl acetate, washed with ac o\ « . ^ *" <1UuM4 "*» 
Pnace. dried over sodium e ^ ^™ ^ *~ 

reduced pressure (< o 02 nb*r> «, conceilt -ated unaer 

tetra^ydroiurene « " dS d'^Vw'T 
e) .j r „. , wv — 4 A molecular sieves) 

stirred and cooled to -20 0 c D h a «. ■. " S) ' 

• tetrahydrofurane ,345 S T? «" in 

.anssen, Belgium) „es a«e 14 Js'e" ^' f,'" ^ 
was monitored with tic .toluene'-et^l a=«at= Z "? ^ 
quenched with ac 10% anmM< *-ecace 4:1) and 

diluted with etnyl e-e^ ^ fT " ' «" 
over sodium su'oLe and ! 

The residue J^^tlS^ ™ >™"«- 

.toluene-methyl t^cyi 2 " , - Hi- . 

the component with a I T 0 « on ' ' T , """"^ 
4 = 1) were pooled and conj™ ° <<-°l««- ethyl acetate 

,ieid S3 „. 3o» o, :r^r^: reauced ~ <° 

calculations with ^ZxltfJ^,!'^ " ± '^"'-'- 
dieted that the W 7 ^ (Bochner-By, «„) pre- 

ly This aiiierence^t 5 ^, t o e heh and ^ 
the stereochemistry. ^ " ^« "f 1 "? 1 - 0i 

cne «6 signal is poorly 
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resolved and the KS signal is severely overlapoed by othe- 
resonances. The ^H-COSY K4-K5 crcsspeak. however, contains ' 
the sum J 4 . 5 + j 5 . 6 and since the J 4 . 5 is observable in the 
H4-resonance, the J 5 . 6 can be assigned the value 6.8 Hz. This 
indicates that the isolated product has the 6- (S) 
stereochemistry. 

After the removal of the 4-methoxybenzyl group the calculated 
coupling constants become 5.5 Hz and 12.2 Hz, respectively. 

'S-lMR (CDCl,. 6): 7.44-7.19 (» # 7H) , 6.89 (symm.m, 2H) , 5.00 
(br.m, IH, KS), 4.90 (d, 10.8 Es, IH) , 4.65 (d, 10.8 Hz IH) 
4.58 (d, 1.8 Hz, IH. HI), 4.04 (dd, 3.1 Hz, 9.0 Hz), 3.99 (t' 
9.2 Hz, IH, K4), 3.81 and 3.82-3.S6 (s and m, 6H, i-CM- 2- 
C3 2 CK 3 ), HS), 3.44 (dd, 2.0 Hz, 2.9 Kz, IH, £2) , 2.84 (s, « 
Ar-OMe), 1.24 (t, 3H) , 1.97 (s, 2H) , 0.15 (s, 3H) , 0.13 (s. ' 

»C-NMR (CDC1 3/ 5): 159.0, 142.5, 130. 8, 129.2, 127.7, 126.7 
126.6, 125. 7, 113.7, 99.5, 79.8, 76.1, 74. 5/ 73.0, 70.9, 
67.9, 55.1, 54.1, 25.3, 17.9, 15.4,-4.5, -4.8. 

Methyl 2,3-anhydro-4, 6-O.p-methoxybenzylidene-z-D-n^cpyira- 
20 noside (bpyj9:9) 

To a' stirred suspension cf sodium hydride (2.6 g, 65 nmpl, 
65% dispersion in mineral oil) in N,N-dimethylformamide (150 
ml) was added with stirring a solution of methyl 4,6-0-p- 
nethoxybenzylidene-a-D-glucopyranoside (9.36 g, 30 mmol) in 

25 N.N-dimethylformaraide (65 ml) . The mixture was stirred to 45 
minutes arid p- toluenesulfonylimidazol (7.24 g, 33 mmol was 
added. Stirring was continued for 2 hours and the mixture was 
the poured into ice -water. The precipitate was filtered of, 
dried in vacuo to give crude bpy__9 : ) (7 . 7. g) . 

30 Recryscallization twice form methanol (250 ml gave bpy_9:9 
(3.58 g). Chromatography (Si0 2 . ethyl acetate-heptane, 2:3) 
of the mother liquor followed by crystallization form me- 
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thanol (ISO ml) gave additional bpy 9 . 9 fl7 

yield of bpy^:9 was S.4S g (61%, g) ' The t0tai 

m.p. 152-153. s.'C (methanol) 
t") D V 9f.4- (c i. 8< chloroform) 

5 Ifi'Mft (CDC1 3 ) 7.43 and 6.9^ (A3 M ^ 

*K, *.-.7 Hz), S .s3 (s , 1H ^ ^er couple*. 

.4-19 (sym.m, 1H) 3.82 (s 3 «r « «[ \ ! ' ' 1H ' H * 1} ' 4 ' 3 °- 
3-46 <4H), 3.48 (s 3 V ^ 30Ar) ' 3 - 78 - 3 ' 64 «». 3.49- 
3) ppm. ' C * 30) ' 3 - 18 (d ' «• ^ 3.7-K,, H.2/H- 

74 ' 8 ' 6 ^ »•->• »..; 5 "s^ 02 ' 4 ' 

5 hours at 1100c in a rHxtuJ 'l\ ^ SZirrsd for 

turbid solution. The Lture £ 2ln ^ t0 ^ * 

-0 ethyl acetate and ag ueous Z^oTh^IT 

Phase was extracted twice w< ch ethvl *' I ' ^ aqUe ° US 

organic phases was washed t^ ce "th ^ 
saturated a9 ueous NaCl, dried (Na so 1 <, W " 
traced. Chromatograohy (S « , T Ih^ flltered ^ concen- 
25 gave bpy 9:10 (1 973 7^ 1 a <^ate -heptane, 2:3 - 2:1J 

S< 73-tf ). An analytical M m*o ~ 
tallized from ethyl acetate- heptan^. * CryS ' 

».P. 91-93-c (EtOAc/jJepcane-j 
^ -26.10 (c l.l. chlorcform, • 

0 ~ 
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HZ). 3.S1 (fas, 1H, H-2), 3.83-3.74 (4H) , 3.80 <s, 3H, CH,0) 
3.43 (s, 3H. CK 3 0), 2.36 (bs, 1H, OH) ppm. ' 

"CNMR (CEC1 3 ) 5: ISO. 3, 129.5. 127.5, 113.7. 102.3, 10X 4 ' 
75.8, 69.8, 59.0, 60.1, 5S . 0,55. 7 and 55.3 pom. 

5 Acetylation (acetic anhydride -pyridine, 3:5) of a sample 
bpy_9:i0 gave an acetate which had the following - ~H NMR 
spectrin (assignments were confirmed by the corresponding 
homonuclear COSY spectrum) : 

*H NMR (CDCI3) 6: 7.43 and 6.91 CAB pattern further couoled, 
10 2H, 0*3-8.8 Hz), 5.59 (s, IK, ArCjJ) , 4.97 (dd, IK, J-2.2 a4 
0.9 Hz, H-2), 4.57 Is, 1H, H -l) . 4.36 (2H, H-6 and H-4) , 
4.09-4.01 (2H, K-6. andH-3), 3.84-3.74 (2H, CH 3 0 and E-S) , 
3.81 (s, 3H, CH3O), 3.44 (s, 3 H, CK 3 0) . 2.15 (s, 3H, CH,CO) 
ppm. . 

IS Methyl 3-azida.2-0-et±yl-4,6-'o-p- as thowbeazylidene-<x-D- 
altropyranoside (bpy_9:ll) 

Methyl 3-azido-4, 6-C-p-methoxybenzylidene-a-D-altrooyranosid* 
Cbpy_9:10, 1.7 g, 5 mmol), barium oxide (3.0 g, 19.6 mmol) 
and ethyl iodide (5 ml, 62 mmol) was stirred in dimethyl 

0 sulphoxide (5 ml) . Water (10 was added and' the stirring 
was continued for 16 hours. The mixture was then partitioned 
between ethyl acetate and water. The aqueous phase was 
extracted twice with ethyl acetate and the combined organic 
phases was washed twice with water and then with saturated 

5 aqueous NaCl, dried (Na 2 so 4 ) , filtered and concentrated. 
• Chromatography (Si0 2 , ethyl acetate-heptane., 1:3.) gave 
bpy_9:ll as an oil (1.7 g, 92%) . 

(a) D 2 : 19.1° (c 1.6, chloroform). 

• r * * " 

1 K NMR (CDC1 3 ) 6: 7.44 and 6.91 (A3 pattern, further couoled, 
2H, Jab-8.6 Kz), 55.57 (s, 2H. ArCH) . 4.63 (bs, 1H. H-H . 
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(sym.ni.2H), 3.52 (dd, IK, j =2 .4 and 0.9 Hz, K -3), 3.34 (s , 
3H, CH 3 0), 1.25 (t, 3H, J-5.9 Hz, C2 3 CK 2 ) ppm . 

"CNMR (CDCI3) 6: 1S0.1, l 29 .6. 12 7.4, 113.6, 102.1, 99.6 
77.0, 76.1, 69.0, 66.5, 58.7, 58.1, 55.5, 55.2 and 15.3 pp*. 

5 Methyl 2-aziao^dep X y.2-0-et^yl-4-0-p^etho^benzyl.a-D- ' 
al tro -pyranoside 

(Cf . R. Johansson and S. Samuelsson; J. Chen. Soc. Ccwua 
1964, ,201-202) . 



10 



Kethyl 3-a 2 ido-3-d S cxy-2-0- 5 chyl-4,6-0- P -ir ieC hoxvfaer. 2 y:idsn- 
a-D-altropyranoside (bpy_S:li) (2.41 g, s.6mmoi), sodium 
cyanoborohydride (2.5 g, 35.6 mmbl) and ground molecular ■ 
sieves (5 c) was stirred in acetonitrile (130 ml) at 0°C. A 
solution of . trimethylsilyi chloride (5.0 ml, 40 nniol) in' 
acetonitrile (45 ml) was added during 55 min. After addi- 
15 tional 1.5 h of stirring, the cooling bach was removed and 
the stirring was continued for 21 h. The mixture was'fii t «r=d 
through ceiite and the filtrate was partitioned between ethyi 
acetate and saturated aqueous NaHC0 3 . The organic phase was 
washed twice with saturated aqueous NaHC0 3 and then with 
20 saturated aqueous Nad, dried (Na 2 S0<*NaHC0 3 ) , filtered ar« 
evaporated. Chromatography twice (Si0 2 , ethyl acetate -heptane 
2:7-2:1 and ethyl acetate- toluene 1:2-2:1) gave the title 
compound (2.23 g. 92 %) as an oil. 

ta]| 2 : +113. 6 0 (£ 1.4, chloroform) 

25 «a NMR data (CDC1 3 ) 6: 7.30 and 6.89 (A3 pattern, further 

coupled, 4 H, J - s.8 Hz), 4.62 and 4.56 (AB pattern, 2 K. J 
= 11.3 Hz, benzylic H) , 4.59 (unresolved d, virtually 
coupled, 1 H, J <2 Hz, H-l), 4.00-3.84 (3 H, K-3, K-4 and...E- 
■■5), 3.81-(s, 3 K,-€H 3 OAr), 3.84,3.7 (2 K, H-6) ,. 3.62-3.43 (3 

30 H, C«,CH 3 and H-2), 3.38 (s, 3 H, CH 3 0> . 1.99 (bs, 1 H, OH) 
and 1.19 (t, 3 H, J « 7.0 Hz, CH 2 CH 3 ) ppm. 
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l3 C data (CDC1 3 ) 6: 159.6, 129.9. 129. 6> r, 3 a 99 9 " 

75.9, 72.2, 71.9, 67.7, 66.3, 62.4, 5S.6, 55.4, 55.3 and' 15.4 
ppxn. 

Methyl 3-azido-6-C-ben Z oyl-3-deoxy-2-G-ei±yl-4-0-p-metX OX y- 
5 benzyl- a -D- alt ropyranoside 

A solution of methyl 3-azido-3-daoxy-2-0. e thvl-4-0-p-moM. oxy . 
benzyl-or-D-altrp-pyrancside (1.47 g, 4 mmol) in pyridine p 5 
ml) was stirred at C°C. Benzoyl chloride (1.2 ml, 10.3 mmo*") 
was added and the temperature was raised to room temperaru— 
The stirring was continued for 1.5 h and the mixture was fl- 
ooded to O'C. Methanol (10 ml) was added and the aix-u-i was 
stirred for additional 20 min. at room temoerature, evapo- 
rated and partitioned between ethyl acetate and water. The 
organic phase was washed subsequently with water, saturated 
aqueous NaHC0 5 , water, saturated aqueous NaCl, dried 
(Na 2 S0 4 ), filtered and evaporated. Chromatography (Si0 2 , 
ethyl acetate -heptane 1:4) gave the benzoate (1.64 "g, 87%). 



10 



25 



30 



[a]^ 2 : +0.95° (c 1.0., chloroform) 

i K NMF. data (CDC1 3 ) 6: 8.04-7.98 (m. 2 H) , 7.55 (tt, 1 E, J « 
7.5 and 1.3 Hz), 7.43 (t, further coupled, 2 H, J « 7.S Hz) , 
7.2S and 6.83 (A3 pattern, further couoled, 4 H, j o 8 6~H*'* 
4.62 and 4.50 (A3 pattern, 2 H. J - 11.3 Hz, ArCH 2 ) , 4.63* (d,' 
further coupled, J * 1.3 Ez, K-l) . 4 .S4 (A part of an ABX 
system, 1 E, J ■> 11. 8 and 2.7 Hz. H-6 a ) , 4.47 (3 cart cf an 
A3X system, 1 H, J = H. .8 and 5.5 E2, K-6 b ), .4.27 (ddd, 1 F 
J - 8.4, 5.5 and 2.7 Hz, H-5) , 3.99-3.92 (2 H, H-3 and H-4)'. 
3.74 (s, 3 H, CH 3 OAr), 3.67-3.48 (3 H, CK 2 CH 3 and H-2) and 
1.22 (t, 3 H, J = 7.0 Hz, CH 2 CH 3 ):p pm . 

"CxNMRdata (CDC1 3 ) «: 166.2, 159.5, 132.9, 130.1. 129.9, 
129.6, 129.2, 128.3, 113.9, 99.6. 76.72, 72.0, 71.7, 62.3. 
62.2, 64.1, 58.5, 55.4, 55.2 and 15.4 ppm. 
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Methyl S-0-ter.zoyl -3 -deoxy- 2-0 -ethyl -4 -0-p- mstboxvbeBS!yl _ 3 . 
sulfairuno-a-D-alzropyranosids sodium salt 

(Cf. K. P. wessel; j". carbchydr. chem. n. (8) , < 1992)/ 10 , g . 
1052) . ' 

5 To a stirred solution of rr.e-.hyl 3-a Z ido-6-0-benzoyl- 3 .deoxy. 
2-0.ethyl-4.0.p.methcxyben 2 yl. a .D.altropyranoside (620 mg 
1.31 xnmol) in tetrahydrcfuran (40 ml) was added wat— (255 
ml) and triphenylphosphine (1.7 g, 6.5 tmol). The solution 
was stirred for 24 h and was then concentrated to 12 ml. Th- 
10 residue was diluted with methanol do ml) and water '3 ^ ) 
To the stirred solution- was then added crimsthylanine su-u- 
tncxide complex (370 me, 2.7 rrxci) . Tha pH was adjusted to 
£.5 by 1 M aqueous NaCH. After a few minutes a crecipitate 
was formed, which was dissolved by adding tetrahvdrofuran (3 
ml) 188 ^ thaac l <4 The reaction mixture was stirred ^o- 

0.5 h, after which time additional trimethyiamine sulfurtr- 
oxide complex (85 mg> was added. The stirrinc was continued 
for is min. During the course of the reaction oH was' kept at 
8-9 by adding 1 M aqueous NaOH. The mixcure was then dUut-d 
with water (7 ml) and the organic solvents were evaoorat-d~ 
under reduced pressure. Additional water (5 ml, was* added and 
the suspension was lycohilised and chromatograohsd (Sic, 
chloroform-methanol-water 100:15:1-70:30:5) to giv* the ' 
sulfamino compound, presumably in the sodium salt form, (668 
25 mg, 92 %) after lyophilisation from water. A sample was 
crystallized from aqueous acetone. 

m.p. 112-115°C (aqueous acetone) . 
Ml 2 : +155.4° (c 0.5, watei) 



20 



30 



J H NMR data (CD 3 OD) 6: 7.54-7.99 (m, 2 H) , 2 H, 7.64-7.56 (m. 
1H),"7.44 (m, 2 H), 7.25 and 6.73 f A3 pattern, further 
coupled, 4 H, s - e.e H=>. 4.71 and 4.49 (A3 oattern, 2 K, J 
- 11.4 Kz, ArC2 2 ), 4.65 :bs. 1 K, H -l) . 4.51 (dd, IK, j = 
11.6 and 2.4 Kz, K-6 a ), 4.44 (dd, 1H, J - 11.6 and 4.4 H=, K- 
6 b ), 4.09 (unresolved ddt. 1 H , J - 4, 3 and 1 Hz, K-3) , 
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4.00-3.92 (2 H. H-S and B-2) . 3. 85 (dd. 1 H, J e 9.9 and 4 2 
S »C NMa data (CD 3 OD) a: 1 S7 . 8 , 160 . 8 , l34 

"V'ssTV"-!; 101 ' 5 ' 77 - 05 ' 70 - 02 - 6S - 2 - «'• «'<; 

6s. 2, 55.6, 55.3, 50.6 and 15.8 ppm. 

raaoside aazaioniujn salt (icy 30; 

10 .Kethyl S-0-be a2 oyl-3-decx i --2-0- at h y i-4-o-n-methcxybenzv-.-3- 
sulfamincor-D-altro-pyranosida sodium saic (334 2 ^ ^ 

was nydrogenolysed for 6 h in glacial acetic acid (55 mi) at 
0.23 MPa and rocm. temperature, using 5 * palladium on cha- 
coal as a catalyse. Filtering and lyophilisation gave a 
15 residue which was chron*tographed (Sio 2 , chloroform-nethanol- 
water 100:15:1-70:30:5). The product was dissolved in wate^ 
ana passed through a cation exchange resin (BIO-R2X® 70 200- 
400 mesh, anoor.iu.-r. fora) and lyophilised to give the title 
compound (222 mg, 65 V) 



20 
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30 



£a]5 2 : +55.7° (c 1.3, water) 

^HMR.data (pyridine-d s ) 6: 8.23-8.17 (2 H) , 7.52-7.45 M 
E), 7.42-7.35. (2 E) , 5. OS (dd. 1 K, J = n. 6S aad 1<54 V S .,. 
6 a ), 4.82 (dd, 1 H, J = u.43 and 6,81 Hz. H-6 b ) , 4.82 (s.' 1 
H, E-l), 4.66 (unresolved dd, 1 H, J* 3.S and 3.5 Hz, H-3) 
4.36 (dd, IE, J a lo.u ana 3 . 9S Ez# E . 4) # 4<22 . 4 . 23 (1 K 
H-5), 4.18 (d, 1 H, J . 3.08 Hz, K-2) , 3.60-3.44 (2 E, 
CH 2 CH 3 ), 3.16 (s, 3 K, CK 3 0) and 1.00 (t, 3 E, J « 7.0 Hz, 
CH 2 qE 3 ) ppm. 

a H NMR data (D 2 0, ref. acetone at 2.35 ppm) 6, 8.22-8.17 (2 
H), 7.83 (tt, 1 H, J - 7.5 and < 2 Bz) , 7.72-7. 65 (2 E) , 4.57 
(HDO) , 4.93 (s, i h, 4.91 (dd, virtually coupled, 1 E, 

J = 12 and 1.7 Hz, K.6.:. 4.55 (dd. virtually coupled, 1 K, C 
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= 12 and 5.5 Kz, E -6 b ), 4.18-4-15 (2 - >, 

1H ( J. 3.3 and 1.4 Hz H 2) V' ' H_S) ' 4 ' 05 
CS 2 CH 3 ), 3.94-3.91 (m, l- p H '*~ , , ^a- 7 * (sytn. B . 2 K, 

S « speech sigaals W ^ d f I n ( ^I :: Si — of the 
experiment). ° n the baSi * of a cosy 

13 C KKR data (D 2 0, ref. : acetone a~ 33 1Q 

132.5, 132.1, 131.7, 102 . 5 , 7b\*\ 9 '\'»™ 

58.1, 56.0 and 17. S ppn. 67 " 4 ' 65 ' 7 ' 
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A solution of methyl ^- a -»-^~ 7 ^„ „ 

-» « sti „ ea « 0 . c . Pival '; 7 1 s Z^TZ ;l ^ 12 

> was added a.,d che Cenperacure was ra'sad to H - ' ' 
• The continue £0- v s h~f. C " 

coded co o-c. Kechanol ,xo naVwas addtd^d^^J" 
scirred for additional 20 ni- a- T """"re „as 

raced and partitioned £J7 ^"^^ 

r>~-*~- . — e-nyl acetate and ws-o>- ? u a 

crgantc pnase was washed subsequently v« t „ wa ^!- 
aqueous NaT-:co 3 , water, sa— a ^ a r ' saturac ^ 

«a 2 S0 4 ). filtered and ev-e-a-ad ^ "* 
«*1 cartel ecner.^rt;^"!^" 02 ; ■ 
aceconicrue-wacer «,„ oave cne pivaloate ."i^S T" 

3), 3.84-3.78 (4 H ---5 ar H « (El ' 1 H ' K " 

\* a. -.-5 and KeOArJ, 3.64-3 45 <s p rv r~ 

^d H-2), 3.39 < S , 3 H, 1-CMe) and 1 22 i V* t 1' ' 3 

■^m,^^; £ xa *- x - u (s £nd c < 12 s « J 

13 C NMR data (CDCi,) a- 170 - „ e „ >- 

?-•:> (.-S). 71.9 <Ar£H 2 ), 6S. 4 , c .., _ 
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66.2 (£H,CH,), 63.6 (C-6< «; c- - ~~ 

15.4 Ppn ! 5 ' 5i ^' 5S - 2 ' 33 - 8 ' 2 '-2 ar.a 

sultamuio-ci-D-altropyranoslas sodium salt 

To a stirred solution of ^-hvi 5. 9 „m. tf n , , 

2-0-ethyl-4.0.p- a ,ethoxybsii S yl.«.D-alt:ropyra.- 1 csid 2 (3C0 it- ■ * 
0.683 mmol) in tetrahydrcfuran (20 si, was added wa— 
ml) and triphenyiphcsphine (a. so g, 3 .3 mmol) . The sc^ut'o- 
was stirred for 24 h and was then concentrated to 3 m" 
residue was diluted with methanol (5 mi) and water M rr^ " 
One half cf this solution was used tc prepare the correspon- 
ding cxamate (see 43.182). To the regaining half cf -he * 
15 stirred solution (0.3.42 mmol) was then added trinethylamin- 
sulfurtrioxide complex (99 mg. 0.719 mmol) . The pu w =, s 
adjusted to 8.5 by 1M aqueous NaOH. After a few minutes a 
precipitate was formed, which was dissolved bv addinc te-a- 
hydrofuran (0.7 ml) and methanol (i ml) . The reaction n^x-u- 
20 was stirred for 0.5 h, after which time additional trimethyi - 
amine sulfurtrioxide complex (45 mg) was added The stir-ing 
was continued for 15 min. During the course cf the reaction 
PH was kept at 8-9 by adding im aqueous NaOK. The mixture w»s 
then diluted with water (2 ml) and the organic solvents we- 
2d evaporated under reduced pressure. Additional water (s ml) 
, was added and the suspension was lycphilised and chromato- 
graphed (Si0 2 , chlcrcfcrm-methanol- water 100:15:1-.8C:20- ) to 
give the sulfamino compound, presumably in the sodium salt 
form, (161 mg, 80 *) after lyophilisaciori from water. 

r H NMS. data (dmso-D 5 )..i: 7.24 -and 6 . 8 7 (A3 pattern, further 
coupled, 4 H, J - 8.8 Hr), 4.S9 and 4.24 (AB.patterr., 2 K, J 
- 10.8 Hz, ArCH 2 ), 4.5c (s, 1H, H -l) , 4.23 (dd, 1 H. J « 11.4 
and 1.7 Kz, H-6 a ), 4.05-3.36 (2 H. K-6 b and KK) , 3.63-3.76 
(m, 2 H, H-2-ahd H-35. 3.76-3.73 (4 H, S and m, K-5 and 
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MeOAr), 3.54-3.40 (3 H, C H -CK 3 and »- 4 ) 3 27 , . „ 

and 1.12-1.02 (s and t, „- H j B 7 " !/ ? ? 3K ' 

ppm. 7 '° h2 ' C <CH 3 J 3 and CH 2 CH 3 ) 

Methyl 6 -0-pivalcyl-3- dsoxy . 2 . 0 . 
5 Preside anmoniu* salt (bpy_ 37) sulf ***°°-°-D-altro- 

Methyl S-0-pivaloyl-3-deoxy- 2 -0-ethyl-4 c « n, k 

«w>» was hyaroseaolyseo for 6 h ia oUcf.i - 
-1) at 0.23 «=a aa d r=« tenoerL« ^ ' 8 

charcoai as a Mtalys£ . Piu ; r ^ TyZH^T °" 
residue which was chroaa-.ograohed (sio -h," " 9 " 
water ao,2o :1 with „.„ kh 3 , -lo oiJe £ ^«»-«-^- 

ag, 74 *). 3 3 " ne "* l<! cenpouad (77.2 

-/ r. j./, 4.43 (ad, virtually couoled l w t - 

s ;* - : s 3 -° w <- — 1 1 * - : 

•JO 5.1 »z. t-Sj,). 3.9,-3.91 (2 8, H-4 and 3-S) , 3 69 (£- - 

C^O^) - 3.42 (s, 3 H, CK,0) and 3 oe. 1 o, / - ' 

- „ t 3 y snG x. 24-1. 21 (s 2nd t, 12 - 3 

-ec-L CS2CHi) P? " (ChS »»*■—«. of the « 

sp.=.run S1 caals were ,ade on the basis of a COSY exaeri- 



13 C NMR data (D-,0 r^* • 

82 , 73 . 7 V "V" " 33 " 19 PPm) Sl88 - 3 ' "5-2, 

a-i.^, 73.8, 72.8, 70.6, 69 3 c-< o C q e „ 

25 ppm. ' S9 ' 8 ' 45 - 6 ' 37.1 and 21.3 
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Methyl 6-O-pi.valoyl-3-deoxv.2-n * « 

*h„t^i aaoxy 2 ' 0 - eth yl'*-0-p-methoxybeazyl-3- 

butyloxamido-a-D-altzopyranosXde 

Oxalyl chloride (12c 1 J,-.,, . , J 

fu««- m n» 0l) eiSS °ived in tetrahydro- 

rurane (1 irJ.) was cools'* te ,->&-n * , . 

,(.,,, m „ . „ 2 ° C * A solti ti°n of t-butancl 

t : r : ? g : ; ,nraol, - and ,1. ^ ia 

tetrahydrofurane (2 nd, was added dropwise and the mixture 
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was stirred at -26'C for is mi„. whiis the ini 
yellowish precipitate, turned white. 

The solvents were removed under reduced pressure from the 
tetrahydrofurane. solution" from the reduction of 3-azido-6- 0 . 

pivaloyl.3-deoxy-2.0.eth y i.4-0-p- m ethoxyben 2 yl. a -D.alt^pvra- 
noside (150 mg, 0.342 mmol). The residus J'^J^ 3 ^ 

tetrahydrofurane (2.5 ml) and pyridine (154 „1) and add=d~ 
dropwise to the cooled solution above and stirred at -26'C 
for lh. Water (2 ml) was added and the mixture diluted w<t- 
t-butyl methyl ether (15 ml, and washed with water, saturate 
sodium hydrogen carbonate and brine. The organic solution was 
dried over sodium sulfate and the solvents were removed unde^ 
reduced pressure. The residue was chromatograohed (Si0 2 . t- 
butyl methyl ether - toluene 1:8) to yield 18*7 rrg, 100% of 
Is the tide compound. 

■%HHR data (CDC1 3 ) 6: 8 .25 (d. 1H, 10.1 Hz, 3-NH). 7.26 and 
6.85 (AB pattern, further coupled, 4 H, J = 8 .6 Hz),. 4.82- 
4 71 (m and d, 2H, 10.5 Hz, K-3 and ArCH 2 ) , 4.69 (s, ih, k- 
1). 4.42 (dd, 1H, 1.7 and 11,7 HZ, K-6J 4.31 (c, IK, 10.5 
Hz, ArCH 5 >, 4.16 (dd, IK,. 6.2 and 11.7Hz. H-6 b ), 3.88 (ddd, 
IK, 1.8, 5.9 and 10.3 Ez, H-S, , '3 .81-3.75 (dd and s, 4H, 
and ArOMe), 3.64-3.49 (m, 2K, CH 2 CH 3 , , 3.47-3.43 (dd and B - " 
4H, 1.3 and 3.1 Hz, H-2 and 1-OMe, , 1.55 ( S/ 9H , oxamate 
C(CH 3 ) 3 ), 1.19 and l.is (s and t, 12H, 7 Hz, 6-0 pivalcate 
25 c 3u and C5 2 CH 3 ) ppm. 
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C NKR data (CDC1 3 ) 6: 178.1, 159.4. 159.1, 157.4. 130.3, 
129.4, 113.8, 99.9. 84.2. 77.2. 75.9, 70.8, 69.5, 65.8, 65.7. 
63.4. 55.2, 55. 1, 45.7, 33.8, 27.7, 27.1, 15.3 ppm. 

Kezhyl ^-0^iv a ioyI-3-dec^,2-o-ethy2-3...oxamido- a -£>-a2.tro- 
■30 pyraaoside ammonium salt (boy 54) 

Methyl 6-0-pivaloyl.3-deoxy-2-0-ethyl-4-0-p-methoxybenzyi-3- 
butyloxamido-.a-D-altropyranoside (180 mg. 332 /isiol} was 
dissolved in acetic acid-ethanol mixture (1:1, 6 ml), 
palladium on carbon (5%. 250 mg, was added and subjected for 
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of 11 1 T' S " 39 ?Si ° Verai ^ ht - Ths ««yt was filtered 
of on a celxte pad, washed with ethanol. The filtrate was 
concentrated under reduced pressure, redissolved in dichloro- 
methane (2.4 ml, . Trif ruoroacetic acid (960 ,1, was added and 
5 che mixture stxrred for 4.5h at room temperature. Wate*- ( 3 
ml) and aramonia (3M, 300 ,1) was added and reaction mixture 
was concentrated under reduced pressure and lyoohilized The 
residue was chroaatpgraphed (Si0 2 . chloroform-methanol- water 
80:20:1 with 0.1% NE 3 ) to give the title compound. 117.1 mg 
10 89%. 3 ' 

l H MMR-daCa (D 2 0, ref. acetone at 2.35 pom) 6: 4.30 (HDO) 
4.78 (s 1 K, K- 1) , 4.45-4.35 (», 2H, K-3 andH-6 a ), 4.2c (dd. 
IK. 4.4 and 12.1 Hz, K-6,) , 4.07-3.96 <m, 2K, E-4 and K-5) , 
3.77-3.S8 (n, . 3H,.CH 2 CH 3 ar.d K-2) . 3.45 (s, 3H, 1-OMe) , 120- 
15 1.13 (s and t, 12 H, S-d-pivaloate 'Bu and CH 2 CE 3 ) ppnu 

"C.NMR data (p 2 o, ref.: acetone at 33.19 pDin , 6: 188. ■< 
171.9, 171.4, 105.7. 82.4, 73.7, 72.9, 70.3, 69.7, 62.0, 
56.1, 45.9, 37.0, 21.2 oom. 
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Methyl 3 -azido- 6-O-pyrzol -3 ' -ylcarboxyl -3 -deoxy-2-O-athvl -4 - 
O-p-methoxybeazyl -oc-D-altropyranoside 

A solution of methyl 3-azido-3-deoxy-2-o-ethyl-4-0-o-mechoxy- 
benzyl-a-D-altro-pyranoside (476 mg, 1.3 mmol) in pyridine 
(496 fil) and dicnlorcnsthane (2 ml) was stirred at 0°C 
Methanssulfonyl chloride (330 M l,' 4.90 innol) was added and 
the temperature was raised to room temperature. The sti-ring 
was continued for 5 h and the mixture was then cooled to 0«C. 
Water (1 ml) was added and the mixture was stirred for addi- 
tional 20 min. at room temperature, evaporated and parti- 
tioned between ethyl acetate and water. The organic phase was 
washed subsequently with water, saturated aqueous NaHC6 3 , 
water, saturated aqueous NaCi. dried (Na 2 S0 4 ) , filtered and 
evaporated. Chromatography (Si0 2 , methyl tert-butyl ether- 
toluene 1:9) yielded 216 mg (79%) of the mesylate as a yel- 
lowish oil. *' ' 
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N-Triisopropylsilyl pyrrole- 3 -carbcxylic acid (484 mg, i. 8 i 
nmol) and i,8-diazacicyclo{5.4. 0]undec7-ena (255 pi) w -re 
dissolved ia dimethyl formamide (i ml) and added to a solution 
of the mesylate above in dimethylformamide (l ml) . 
5 The mixture was heated at 90 'C overnight and the subjected to 
chromatography (210 g C-8 Lobar, Merck, acetonitrile-water 
3:2) to yield 30 mg, IS % of the pyrroloyl ester. 

X KM4R data (CDC1 3 ). 6: 8.73 (br.s. , IS, pyrrole NH) , 7.33 
(synm. m., IK, pyrrole K-4), 7.27 and 6.65 (A3 pattern, 

10 further coupled, 4 H, J * 8.8 Hz), 3.74 (syrm. n , ih, pyrrols 
H-2), 3.64 (symm. m, IK, pyrrole H-5) , 4.63-4.49 (s and 2 d. 
3H, K-l and ArCi? 2 ), 4.43-4.35 (m, 2K, 2 H-S) , 4.22 (syaa. m,' 
IK, K-S), 3.94-3.34 (m, 2H, K-3 and H-4) , 3.78 (s, 3K, 
ArOMe), 3.65-3.55 (a, 3H,CK 2 CK 3 and K-2) , 3.40 (s, 3H,' 1- 

15 OMs), 1.20 (z, 3K, 6.8 Hz, CK 2 CQ 2 ) ppir.. 

13 C NMR data (CDCI3) 5: 164.6, 159.5. 129.9. 129.4, 123.6, 
11.7. 116.1, 113.9, 109.9, 99.9, 75.9, 72.5, 72.0. 66.8, 
66.3, 63.0, 58.9, 55.3, 55.2, 15.4 ppm. 

Methyl 6-0-pyrrol -3 ' -yl carboxyl -3 -dsoxy-2-0-e thyl -3-sulfami - 
20 no-oc-D-altropyranosids ammonium salt (bpy_40) 

To a stirred solution of methyl 3-azido-6-0-pivaloyl-3-deoxy- 
2-0-ethyl-4-0-p-nethoxybenzyl-a-D-altropyranosida (30 mg, Si 
ymol) in tetrahydrofuran (1 ml) was added water (11 ^1) and 
triphenylphosphine (83 rag, 3 OS pool) . The solution was 

2S stirred for 24 h, diluted with and water (l ml) . Trimethyl- 
amine sulfurtrioxide complex (9 mg, 0.72 /imol).was then 
added. The pH was adjusted to 8 . 5 by 1 K aqueous NaOH. After 
a few minutes a precipitate was formed, which was dissolved 
by adding tetrahydrofuran (0.7 ml) and methanol (1 ml). The 

30 - reaction -mixture was stirred for 0.5"h. after which.xime 
additional trimethylanine sulfurtrioxide conplex (9 mg) was 
added. The stirring was continued for IS min. During the 
course of the reaction pH was kept at 8-9 by adding 1M aque- 
ous NaOH. The" mixture was then diluted with water (2 ml) , 
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washed with c -butyl methyl . 

sulfanano coopouna. presumably in the"odi u " 9iVa Che 

S3 ») after l^ta^ J"^" *«. 00., 

l K SMR data (CD 3 OD) J: 7 .35 (un-esol dd 

« 2.9 Ha, pyrrole E . 4)> £ S1 6.73 (dd , 1? , s . 0 

pyrrole a-S) . 4.71 and 4.46 (A3 J' *"' ^ El ' 

ArCH 2 ). 4.66 (ns, 1 H H-l, 'f.f 1 " 6 ™' 2 J . u . 4 ,. 

5-1 and 11.7 Hz, 2 H-S), 4.04 („ „ 1"^ ° C ' 2K ' 2 -*< ' 
*. 2E, 1.1 and 3.1 k-s .J 4 K 3 - S7 ' 3 - 87 to and 
".I Hz, h-4) 3 73 B ^ 3 ' 80 (dd ' ^ «•« *r.d 

cs, skA^:,- ' ( rr: , ' 7 3 o"- 3 ; s2 

1 ' 3 - 7 - 0 «- CHjCHj) pps. 

l3 C SMR data (CD 3 OD) 167.32, l S0 9 , 

»•«• •»•*. and 13.3 ppj ' 10 - 4 ' «»•»•. 6 '- 2 ' 



The residue was dissolved in methanol ,15 

carbon (3%, so as) M . „,„„„ . US Ea) ' Palladium on 

»* « 30 Psi for 3' h £ " d ChS -^--ooenolyzed 

«ate concentrated -iT^'^"^' f ~ 
ammonia (2%) in ™ a ,-v , measure, redissolved in 

u*; in methanol -water (in 0 fi . ^ 

fanned (3 «! c-ie supeico, ^tnanoi-wate^ IT TT"' 

removed under reduced pressure f™» J ""hanol was 

« tainin S fractions and the rl^ ? P °° led «""*»«- eon- 

°- th. title con^ ly0phi "^ » «•» 6.3 „ 

p 3 as chs ammonium salt. • 

X 3 NMR data (CD 3 OD) d: 7 35 y„ ,„ 

1H, 2.0 and 2.S H2 , wlT't^T"** ^ ' «' 75 <dd ' 
H*. pyrrole H-S) , ^ ^ ~* « 

30....ai.4 Hz, H- 6a)| 4-;- 3l (d J f' ~! ' 4 <« ^-^-1,3 and 

3. 76 to, «. h-2, h-3 «: 4 k. ; r'sll^' 
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EXAMPLE 6 



Chaperone assays and the use th&^nf .. 

■_ \ USe -*a testing compounds for 

inhibition of chaperone binding 

En order to conclusively identify peptides or oeocide «it- 
5 tics that bind strongly to PapD. a good assay Is' rec^r«a~ 
The maltose binding protein (M3P). has been engineered bv th- 
inventors so that it is recognized by PapD. The commercial^ 
available plasmid pMAL-?2 encoding M3? with a lirke- a^ 
encoding sequence fused to the 3' end of the g-~ w =s use" 
10 MB? is secreted into the periplastic space and is ~* 
" purified by affinity chromatography using xylose res--/ hb= 
is eluted fron the column with 20 mJi maltose. PanD is r~ co- 
eluted with MB? when co-expressed with MB? whereas rus^c rh. 
PapG CCOH-terminus to MB? results in PapD bindinc to M5?\e"" 
15 form a complex that is co-eluted from the affinity coiu,- 
Usmg this strategy, it has been found that fusing th» ca- 
boxy terminal 140 (M3P-G1' -140' ) and 134 (M3?-Gi34'j am«no 
acids of Paps to M3P results in the formation of a stronc 
PapD-M3P complex which is purified by maltose affinity chrc 
20 matography. The complex between the MB? fusion and PavD 
been shown to be stable in up to 3 M urea similar to "the 
stability of a PapD- PapG complex arguing that the COOH-t-r- . 
minal 134 amino acids of PapG probably contains most cf th* 
chaperone recognition motif, m addition, binding to the MB* 
55 fusion protein has proven dependent on the universal chane- 
rone anchoring residues. Arc-8 and Lys-112, as described* 
herein since mutations in these two residues abolished PavD 
binding to the MBP fusion protein. 



30 



It is also interesting to test the abilitv of M3P-G fusions 
to inhibit pilus assembly and thus bacterial attachment by 
• co-expressing . the fusion proteins in. cells producing P pili. 
If PapD binds to the M3P-G fusion, it will be titrated awav 
from pilus subunits and thus decrease or abolish pilus forma- 
tion. This technique will be one mechanism to validate the 
■35 concept that • chaperone binding peptides can abolish the 



<SOOC:0: <WO 9S14029A2.I_» 



PCTAJS94/13455 

130 

virulence of a pathogen by prev-ntinc m, 
--localized adhesins. LL7"L an, 6 """^ * ^ 
found that in scrains prcducinVp piU Co 81 ! " ^ ^ 
MB?-G1'-140' tad MBP.0134* fc-L "-expression of the 

' ^i icy cf ths bacceria co ^r^XT^f ouahes che 

Wggludonatioo. Furthe- - ka ° ^ CauSS 

inventors that after coexoress^c/J ^ ShOWn * y the 

in HBloi/pPAPs-bact^ia i- * °' ^^-UO' fusion 
visual sig=s of piu . * £ - - Poss^e to 

10 tron microscopy. nis is evidence fo^ thf^ " " * ele= " 
this invention that -h. Ch6 ° ry ex F^ssed i a 

between pil us ^'"LT^^S"' 1 - <* «**» 
. the assembly „- tntac ._ pUi Chi ' e ™>« also prevents 

These results s^n«— ■ • , ' 
» "-cure ^tT!^ reUVM " 0f "» 
=» be entered to be rfcoXTbV" ° ther 
carboxy carina! r.co^i-",^"" ^ f * Cha 

lish in vitro assav= P urifi a= .to estab- 

20 pur i£iea ^ 6 rp« e r: s 3" ia : erictiM ° - ith - 

plan. and the abilw 0 . » J 1°° " eUs ° f 
is cestea in an JZ^ZTS* " 

it allo»s testieo the aoixi^ et IZ T* *— 
of W to the doxair o- Paos ! ^^"^ t0 inMil <= "adiac 
* the pnr^eo ^"^^ * 

Phaiaaoia BiaCore* aasav e» can be used ia the 

establish inhibition "' s f T " - 
Carboxyl.ter.inal pe E dThfve ^T" " l0Ve=ti0n - 
correspond to partY- Z\ ^ **** *W*<* « 

30 can thus invest^ .^1^"°" On. 

are able to inhibit V^Jfl^t P6pCide3 
fusion in the 3LISA „~*J* ff ° 80 tfce 
throu S h.p„t assay a**. * 
libraries, chemical 
3 5 .nineties tor their fet^',-??* r^— 4 *' — 

addition, this assav a-'t used r Pere "' ~ 

periplastic -Chaoerone i Jl-l " «* 

1 ~- conanon recognition paradi=r.s. 
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in addition to testing compounds for their ability to inhabit 

Ustr w M M3? " G fUSiCR ' ° ther have estab " 

lished which measure PapD-peptide interactions. For example 

an ELISA has been developed to measure the binding of « ' 
5 peptides coated on .ells of micrctiter plates. Xn'this ^ 
the octamenc peptide Gi'-e-KT was an equally efficient ■ 
inhibitor as the 19-mer Gl'-lS'WT. revealing the octamer to 
be the optimal starting point for designing of modified 
compounds with increased affinity for the binding site o- 
10 PapD (cf. Example 7). 

Also, as previously described, native PapD is able to bind to 
reduced, denatured PapG and restore the PapD-PavG ccmolex in 
vitro in a reconstitution assay (Xuehn et al.. issi} .Vr>is 
assay has been proposed to reflect the recognition function 
15 of PapD in vivo and will be used to determine the abilitv of 
the conpounds to inhibit PapD binding to PapG in vitro, *o- 
example, the carboxyl terminal PapG peptide has been shown to 
inhibit the binding of PapD to Pa: 7 in this assay, establish- 
ing that it occupies the pilus subunit binding site of PavD " 
Another way to ma? PapD-peptide interactions is to test the 
ability cf compounds to reduce the rate of well de*in«d 
proteolytic cleavage events. Per example, partial dicesticn 
with trypsin cleaves PapD in the Fi-Gl loop at residue Lvs-S3 
(See "T« site denoted in Fig. 3 ) . The rate of tryptic c^ea- 
25 vage of PapD was reduced by preincubation of FanD with PaoG 
and Papx peptides (cf. Example 2). The observed protection cf 
PapD by bound peptides may be due to a change of the local 
conformation of the Fl-Gl loop, or due to physical contact of 
Che loop by the peptide. These assays may thus be used as an 
30 initial screening for the ability of new compounds to bind to 
PapD and interfere with its recognition function. Strong 
binding compounds that inhibit PapD binding to the M3P- 
G1V-140' fusion . will be co-crystallised -with PapD to orcvide 
the structural basis cf the recognition surface used by PapD. 
35 As new crystallographic data becomes available, the relevance 
of critical PapD-inhibitcr or PapD- enhancer interactions will 
be tested by determining the effect of site-directed mu ta- 
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tions on the ability 0 f the chaoeror.e *o b- d V i 
and mediate pilus assembly This imn ! 1 ?UUS Suiuai ^ 

lead to defining bow "csJ^rS"' lef0O - Ei » 
Action o f c.^.^TLS^^ "* 

- - - 

r - 9 , is substitute^ r^.^/r^ 2 :!; r sia 

PanD bound to the peptide, the sida °* 

predicted to interact w « t *, b- nr T „ 33 noc 

dented towards ^ s t^^' ^ ^ ^ ~ 

last amino acid of a* -t~a^ 2 T T Co *• 

rha „ . c.ra^tive zipper between ?--n 

the peptiae. The environmentally sens' -iv- „ 

"5-I1F (5.iodoaceta-dfluor. S ce'r) w« 1 ?roi * 

to the peptide via the su f^* " U o "'^ 

-d the labelled peptide J^^ 0 f J* 

suitable envirorenm^-arv s *«« - \ 38 ^ ° £her 

enjoyed - va -7 I ssnsi£iv e fluorescent probe may be 

pept.de causes a. marked decrease in the f^o^sce- -n- ■ 

m™ »• v ccns.a..* for the PapB-oeotide 

"on. Tr.e ohanga m the £luorescence ^ " ■ ' 

after the addition of increasin* oor.oentr.tits o% Pao"- 

: mMl 3y "uoresoent intensities ~- su T 

PapD concentrations a v,-; „„ „ — su* 

, , -i..amg constant of 2.Sx-<o- 6 m t^= 0 

calculated (The cal-ui*-,-,-^ ^ 3 

cially available totter Pro^ ^ 

It is thus possible to evai»a-« ,->, D K - 

, 3 — ak - s the bindma constants e' 

2 l^""'" Mnii=E " ^ ia * *-titative ss 
the aoaxtxon of a subs-.aaoe which binds competitivelv To toll 
will result in an iooreased fluoresoeno. chared „ a *£! 
tron *ere less or no ooxpetitive. substance is present in the 

A similar aasay systea will be developed uslr WBP . G1 .. 1<0 . 
instead of the Papa ?eP , iie „ des „ ibed ^ 
35 fusion protein-has hean found to interaot with two bind.ro 
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sites in Pa P D t it will be possible t0 1} 

rtrLn f f nUy C ° SeC ° R4 bindin? Site (on ^ an, 

2 screen for expounds which interact with either of the two 

binding sites and quantitate the interaction. Of course 

5 labelling the site 2 peptide with a suitable environment". i y 

sensitive probe should allow a determination of the bindirf 

constant using the same methodology as describe above. *" 

The discovery that the Deg? protease is greatly resoons^. 
for the degradation of pilin subunits in the absence o* T' 
chaperone renders, the degP4l strain an interesting cand-:d=- 
for an in vivo test system of the effects exerted on FacD bv 
corrxjounds of the invention. ~ 

When administering a substance which prevents, inhibits c- 
enhances tie binding between the chaperone and the ni^uc 
subunits to a system containing the degP4i strain, *th» sub- 
stance should, even in small amounts, be toxic to the 
bacteria, as the Deg?" bacteria will be incaoable of degra- 
ding the accumulating pilus subunits. Note that a degP4l 

strain was used to idorri'v => v, » v _ . ' , • 

to -a-^ui.y a hitherto unknown binding s- ; -» 

20 on domain 2 of PapD, cf. example 10. " 

However, such an assay requires that the tested substanc* is 
able to enter the periplasms space before it can ex-t i- s 
effect; this fact renders this type of assay less suitable as 
a screening assay for lead compounds, as it will "igro-e- 

25 substances which have the desired effects on chanerone- sub- 
unit interaction, but which are e.g. too hydrophillic to 
enter the periplastic space. On the other hand, the system 
will be well-suited for assessing the clinical potential o- 
substances which have already proven successful in the in 

30 vitro assays described herein. 

Once the model PapD system is in place, the experiments 
described above can of. course be expanded to include the 
other members of the PapD-ii k6 fa ., Uy of chapels. In this 
• way it will be possible to establish the general retirements 
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» 

for chaperone recognition and the molecular h a • , 
O,pe.-one recognition ^ ln g ^^: t ^^ : 

Some specific assays for determination o- ino~,~, 
molecular chaperon.s are described in l^ST^.^ 

Besisn of peptides and pepc Jcte „ . . 

,o ZZ^T^J^T^ * ^it i.,t,rac 

ulcn / probmc oeptid* binder- . , _ „ • , u * 

^t, a chemical Pepcid ^ "aTa pt !eTT naS 
should re performed. The two TbSies are eo"' ^ 
15 since rhe peptides are p-s-n-ed il 1." c ^ementary 

-n practice the chemical library is limited to all coss< b i e 
hsxapeptides and to h-ota- a«i . - possxole 

natu-al a • octapeptides if some of the 

natural amino acics are ex"iur»«»rt - 

ndin S of the chaperone to the resin beads and serene . V 
interesting peptides. The phage display library conca'-, 
approximately 10» peptides in the PITZ Pro Ce ^ of th 1= 
called "fusion oha S e> that reta<„. „>,, - 
2= olev= <=- • regains phase function and dis- 

2- Plays the foreign peptides on the surface. Tie ah'l'tv of 
peptide-concaining pha S es to bind Pap D coateTi Tl it of 
m^c o lt .r plates can be detected in an elisa using eh- 
techniques described -r Esea^i^ c « • . 

w<U be annli^ ^ Pos "ive binding phages 

v l be aoplifi-d. purified and retested for their abi^ty to 
50 bine PapD. The. .sequence o^f-e r>*r>t.<*~ • ^ y u ° 

w, . * °~ c - e . peptide insert..of positively 

binding pnag.s will be determined a*d the corresponds 
peptides will be synthesired and tested for their ability co 
inhibit biding of Pa P0 co the MBP-0 fusion as described L 
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The results from the studies outlined above will be of the 
utmost importance for design and evaluation of ligands acting 
as "chaperone inhibitors", m spite of this, the crystal 
structure of the PapD- PapG 19-mer peptide complex provides 
sufficient insight into chaperone -ligand interactions to 
initiate systematic studies cf small peptides and peptide ■ 
nimet.ics as chaperone inhibitors already at the present 
stage. The high inhibitory power of the PapG 8-mer peptide to 
PapD (equal to the PapG 19-mer peptide, cf . Example 6) 
reveals the feasibility of such studies and the conserved 
features of the proposed binding, site on the chaperones 
indicate that such inhibitors could well have broad specifi- 
city. 

The specificity in recognition of the PapG' 19-mer by PapD has 

15 been suggested to be provided by anchoring of the peptide's 
carboxyl terminus to the PapD cleft residues Arg-8 and Lys- 
112 and subsequent "zippering" interactions between alterna- 
ting hydrophobic residues in, the peptide and complementary 
hydrophobic residues in PapD. The following experiments 

20 support this hypothesis. Firstly, mutations in the anchor 
residues Arg-8 and Lys-112 have abolished subunit binding in 
vivo. Secondly, deletion of the C- terminal residue in the 
PapG 19-mer leads to a substantially decreased binding to 
PapD as the hydrophobic "zippering" interactions between 

2S peptide and PapD were then placed off register when the C- 
terminus of the deletion peptide was anchored to Arg-8 and 
Lys-112. The "zippering" hypothesis for specif icity in bin- 
ding between PapD and peptides (or pilus subunits) has been 
preliminary investigated by performing the following experi- 

30 ments: 

A length series of peptides form the C -terminus of. PapG 
consisting of Gl ' - 5 ' . Gl ' - 6 ' , Gl ' - 7 ' , Gl ' - 6 ' , Gl ' - 11 ' , 
Gi'-i6* and Gi*-19' was prepared. A replacement series and a 
deletion series cf Gl'-8' was also synthesized. In the repla- 
35 cement series Prc-l', Phe-2' , Leu-4', Val-5', Met-6' and 
Met- 8' was replaced by Ser, whereas Ser-3' and Thr-7' was 
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• ■ 

replaced by Ala (i.e. hydroo^cb-? c 

y p ic a^ino acids wa9 r^-»ia<-=^ 
the polar Ser and hydroo^'lUc an ,-no ^ "Placed by 

ai*i T „ y^=>p..^llic amino acids was replaced by ' 

Ala) m the deletion series one residue at a tin, in 
was deleted with simultaneous addition of a serine (wVch «. 
5 found in position 9' <•» native Pann - ' . " 

u ' . nat_ve PapG) to maintain the peoride 

length at e amino acids. The peptides were all synthesized by 

Phase i: L c ? 3e SCrat6?y ^ P " rif iSd * ~"»- * 

10 tl 1 ;* ° f PSptideS t0 ***** thS bindiQ ^ of to 

10 he M3P-G1-140' funor. protein was then investigated us'inc 
wr.e following ELISA test : 

Stock solutions of M3?.<?i--14 C ' proteins in FSS were d'w-d 
to o.i p m with F3S. The wells of microtiter plates we-"" 

is %r\? th 50 * ° Z Ch8 PXOt ^ a SOltt * ioas at" 4-c. 

; ne . walls "ashed, with P3S, and blocked with 200 ,1 0 , 3% 

bovme serum albumin {ESA) in PSS for 2 hours at: 25-C T-e 
Plates were washed .vigorously three . times with PSS and incu- ' 
bated with 50 pi of 1-5 m PapD proteins in 3* BSA- P3S fc- .5 
minutes at 2S»C The PapD was preincubated with each o' f~" 
peptides at a 1:25 ratio for 30 min before being added to* the 
welis. After three washings with P3S, the wells we^e incu- ' 

*?:t"i? Q * 1:500 '* ilttS±3 ° ° f r£bbic "ti-PapD antiserum in 

BSA- PSS for 45 minutes at 25-C. After three washings wit* , 
PBS, the wells were incubated with a 1M000 dilution of coat 
antiserum to rabbit IgG coupled to alkaline phosphatase In 3% 
3SA-PBS for 45 minutes at 25 -c. After three washings with 
PBS and three washings with developing buffer (10 «M diethan- 
olamine. 0.5 mM Mgci 2 , , so „i filtered 1 mg/ml p-nitrophenyl 
Phosphate in developing buffer was added, the reaction was 
incubated for 1 hour or longer if necessary in the dark at 
25°c, and the absorbar.ce .at. 405 nm -was read. 

Th * iallibico =y Po^rs cf the peptides in the three series are 
presented in Pigs. 17-19 and the number of experiments per- 
formed with each series is given in the Figs. Vertical lines 
3o for each peptide in the figures are 95% confidence intervals 
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obtained after a statistical analysis of the experimental 
data. As revealed by the evaluation of the length s^e S th 
peptides tt .. n . and Gl . ^■....XS^f' 

potent than the shorter aad Gl ,_ 7 , 

5 observation fits very well with the crystal scructurfi 
complexed with Gl'-l- which shows that the C-terminM 
residues in Gl'-lS,' are hydrogen bonded to PapD. The shorten 
peptides Gl'-6< and Gl'-* are unable to fulfil this hydrcger 
bondxng pattern and are therefore less active inhibitory " 
10 peptides (Pig. 18). The replacement series reveals tha 7 
residues 4' s> and 5' in Gi'-A' .• 

p ar ,n • . 13 51 8 forTn aaportant contacts with 

Paps, since their replacement results in less active inhibi- 
tory peptides (Pig. is, . The deletion series again indicate* 
an important role for residues 4', 5' and S' in ci'-8» fid- 

1= the complex formation with PapD (?i g . 19) . However, the 

results obtained with the deletion series did not suoocrt the 
"zipperihg" hypothesis according to which the member;" of the 
deletion series would show an increasing inhibitory potency" 
as the deletion is mcved form the C-terminus towards the N- 

20 terminus of Gl'-B'. 
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As appears from these preliminary results, the results 
obtained in the assay exhibit large deviations from the mean 
m each experiment. As discussed herein, one reason for th<s 
might be the slow kinetics of binding between PapD and cor- 
rectly folded pilus subunit proceins and analogues' of such 
correctly folded subunit proteins. It is therefore contem- 
plated to -modify the assay by . introducing denaturing influ- 
ences powerful enough to at least partially unfold the pilus 
subunit (analogues) . r c is - expected that this will reduce the 
deviations in the assay results. Another reason for the large 

' deviations might be binding of the peptides to BSA used in 
the ELISA . Therefore, the replacement of BSA with other 

macromolecules will be investigated. 
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in case the -zipper mechanism" for peptide binding to BapD 
can be confirmed, peptide chaperone binding can be ootimized 
using a limited synthetic peptide library in which Pro--" 
Phe-2', Leu-4', Met-6' and Met- 8' cf the PapC fi-mer are" ' 
S replaced by the hydrophobic amino acids Val, Leu, lie w oc 
Phe, Trp, Tyr and His. Ncn-natural amino acids such as D- ' 
amino acids and N-methylated amino acids, as well as amino 
acids containing aliphatic and various arcmatic side chain* 
will also be incorporated in the chemical library. Cotimal ' 
10 amino acid combinations for these five positions wili b» us»d 
in the synthesis of the chaperone inhibitors described below 
in this Example. If the "zipper mechanism" is not confirmed, 
the outlined approaches will be applied to residues shown to 
be important for binding to PapD. 

15 Chaperone inhibitors that form covaient bonds to the chaoero- 
ne after docking into its active site will be 'develooed . ~ The 
crystal structure of the PapD-peptide complex shows "that the 
C- terminal carboxyl group cf the peptide is hydrogen bonded 
to Lys-112 and Arg-8 in the chaperone and that the side c'-a-- 

20 of Val-5' in the peptide is close to the side chain amino 

group of another Lys in PapD. Introduction of reactive grcuos 
such as alkyl halides, aldehydes, acid halides and active 
esters in these positions of the optimized 6-msr peptide will 
lead to the formation of covaient bends to the lysines in 
25 PapD, and the peptide derivatives thus constitute high affin- 
ity inhibitors. The inhibitors are based on nonamer cr 
shorter peptides in which residue 5 (from the C-rerminus) 
and/or the C- terminal carboxyl group have been modified as 
indicated: 
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Replacements for residue 5 from the Otermmus: 



X >V R R = K. Me, Et C 3 H 7/ c<&, q& 



H II X=H,£ 



S»-*,CI,Br E,^^ 
O 

,0— 




H 2 CYs R . 

a 2nd Has above 

O 



Rephccmntsjbr thz C-termzrjzl COOH-group: 

•COX, X as above 
-CH 2 Y,y as above 

Such interactions between aldehydes and lysine side chains 
have given potent drug candidates for sickle- cell anaemia. 

In the PapD-peptide crystal, che peptide forms an extension 
of a 0- sheet in the chaperone. Restrictions that give the 
5 peptide a 0. sheet like conformation will therefore result in 
a favourable -change in the entropy of binding. Conformation- 
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ally restricted oeDtides con^^^- 

separared by one amino , ° f 801,10 acifl s 

des with ccvalentiv u** side 'Tk ^ 

consecutive utoo acids renlael h,v ' 018 thr « 

below, "placed by the fragments shown • 



X,Y = SA S,CK 2 ; CH 2 3; 0,CH 2 ; 
CH2,0;CK 2 CH 2 



(CH2) n (CH2) n 



X,Y = S,S; S,CE^; CH^S; 0,0; 
0,0i,; 0^,0; CH^CH* - 



AA = any natural or nonnatural amino add 

K^R, = all possible combinations of H, Me, Et, C 3 H 7 , C 4 H^, 




CCHJn 



. (CH2) n 

H o H 1 




Pa 
R b 



AA « any natural or norjusjuralamsno acid 

R,^, = all possible combinations of H,Me, Et C 3 H 7 , qH,, QH S 
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interesting inhibitors will be co- crystallized with chape- 
rones, and the complexes will al so be investigated by NMR 
spectroscopy. 

Peptides and peptide mimetics used as drugs can be rapidly 
metabolized by proteolytic enzymes that cleave the peptide 
bonds. Chymotrypsin selectively cleaves the peptide bond on 
the carboxyl side of amino acids with aromatic and large 
hydrophobic side chains. In the Papff a-mer, the Ket-8'- 
Thr-7', Met-6'-Val-5' and Phe-2' -Pro-1' amide bonds are 
therefore especially sensitive to proteolysis and should be 
replaced by metabolically stable peptide isosters. Examples 
of such peptide isosters are given below: 
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yV* v i> 



V 



^ vf ^ v^'^ 



o 



EXAMPLE 8 



role at periplasm: clupcrones in eh. infectivicv =- 
iaccer^a «oico adhere ty the cleans of piu 

are noe-pmLd due -o tiZ • W iS03eniC nU,:anCS Ch " 
ette of the chaperoo e J." ^"T mM " 0n3 in th * 
and Lys - 112 ehtrr , ° M ln reSidU " such »■ ^3-3 

can oTJ = £\£ SU T' ° £ 

ea into ens bacterial chromosome of the clir.i- 
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cal isolate strain DS17 using the same method that has b— 
successful tc introduce point nutations into the papG genT<„ 
the chrcmosome of the same strain, E. coli straia DSl? ~~ 
epidemically within a neonatal ward, causing several cases'of* 
pyelonephritis. In addition, the strain has beer, found to 
cause acute kidney infections in a cynotnclgus monkey 
pyelonephritis model. DS17 contains one pap ger.e cluster w-th 
a papG gene expressing a typical papG adhesin. rr a , so 
expresses typical type 1 pili containing the marncse-b -d-"n* 
adhesin, FimH. Type 1 pili havs been suggested to be imco-~ 
tant virulence determinants in cystitis. Therefore, s^t=- 
directed mutants in the subunit binding site of the Fine 
chaperone should also be generated to test this concept. 

1= is contemplated that a compound that binds the cha?=rcn= 
15 active site would block pil us assembly and thus prevent 
attachment. If this concept is valid, then well-de--~i 
chaperone mutants such as in Arg-8 and Lys-112 should abo- s * 
receptor binding, too. The receptor binding activity o^ 
various chaperone mutants should be measured in the receotor 
bmcmg ELISA assays described in examples 2 and S. To 
measure type i pilus -mediated binding, mannose will be linked 
to the wells of the microtiter plates. Adherence of various 
Fin* and FapD chaperone mutants to the immobilized r-cecto-s 
will be guantitated using antibodies to E. coli DS'7 i-"an 
25 ELISA experiment. Furthermore, the ability of small PavD- 
binding peptides to block pilus assembly in DS17 and, *t>-us 
to abolish receptor binding will be tested. Strain DS17 v'll 
be grown in the presence of short PapD-binding or non-bindinc 
peptides and then tested for their ability to bind receotor " 
30 in the ELISA experiment. These experiments will make impor- 
tant strides at validation the concept that anti-chaoerone 
inhibitors would..prevsr.t bacterial attachment in vitro. 

Then, che role of chaperone-asseirbled adhesins in causinc 
diseases will be established. The causality between E. coli 
35 expressing Pjpili and pyelonephritis has until recently been 
based solely on epidemiological data. It. has been shown that 
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ch e P piliated strain DS^7 „ 

the noma! urinary tract V-"" FySlo ^itis to Gccur 

papc gene of strain -nkeys. A Patient 

Placemen: to create the de^J'L ^ by aUeUc " 

8 contains one base pair deletion" \T * DSl7 ' 
resulting in tne e.xpre S sio r o' p p-'iT V'* " ^ " 
adhesin. mis nutant was unable t^L ^ ^ 
receptor in vicro a;:d " to the globoside 

. -del. ^ virulsnce « ~ * sic, attachment 

the *■* --sin in Pyei y o::: n : C c T s ar " v TO *™r «- -le of 
infected with 5. C c2i strain DS^7 ^ WSrs 
13 rsc ^v ed ntutant strain d S - 7 - 8 ' * S ' X 

ureteral catheter, and it " 2 * CyCosco Pi«-Iy inserted 
c-t difference between th - L " ^ ^ ~ * signifi- 
*ld type strain DS17 ; m t :! n grOU P S - »• -onJceys receiving 
P-ed to 6 . 8 days fo? ^^T^* of ,1 days Co.- 
0 strain DS17.8. Henal cle~™'t f^"*"* tk * ««e 
for the wild type strair/a'nd" ^ * SiSaificaa "y l««r 
reduced in the monkeys rece^W™ I. rUGC ~ 10n ^ significantly 
in those .onkeys receivinTtt Lo" " ** not 

Pathologic evaluation of ^1 ° Pa - CG strain. 

Actional studies shcwi.c COafi ««* the 
and pathologic changes < " t J I ! lGSS in ^anrnation 

those receiving the *uTty£ " COTlpared «* 

Therefore, it is concluded that th p r , 

adhesin at the tip of p p^L f Galai -^al binding „ apG 

to occur in the nornal J^* ^ 

no such direct demonst-ation'T u P-^ates. Up to now. 

Interestingly, in tha exo _, Tant<8 . 

dence was found that d f ^e, no evi- 

nization of the l owe - u - ira ^ re<5uired «or colo- 

acute cystitis*." Both strait °* develc P"sr.t cf 

" S co *°""* the vagina, persisted 
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in the intestine and caused bladder infection. Thus, although 
PapG was a critical virulence determinant in causing * 
pyelonephritis, it did not appear to be crucial in cystitis ■ 
However, this did not exclude the possibility that other 
components of the P pilus or that another type of pilus, such 
as type 1, was required for cystitis. 

These hypotheses will be investigated by testing the viru- 
lence of isogenic DS17 mutant strains containing site 
directed mutations in Arg-3 of jPapD or FimC. The. mutants • wiH 
presumably be defective in their ability to assemble P and 
type l pili. if the papD mutant is non- virulent in the monkey 
cystitis model, it may indicate that seme comconent of the " »- 
pilus other than PapG is essential for B. coll to generate 
bladder infection. For example, the major ccmoonent of the 
tip fibrillin, ?a P B, has been shown to bind fibronectin and 
fibronectin could be an important factor in cystitis. Simi- 
larly, it the fine. mutant is non-virulent, it would confirm 
the role of the mannose -binding type 1 pili in causing cvsti- 
tis. The ability of these point mutations to abolish the* 
virulence of DS17 in causing either pyelonephritis or cysti- 
tis would validate the therapeutic potentials for a chaoerone 
inhibitor. 

EXAMPLE 9 

Identification of the motif of binding between PaoD and 
Kl • -19 'WT 

In order to confirm the generality of the binding mode for 
C- terminal peptides of pilin subunits to PapD as observed in 
the PapD-Gl ' -19 ' WT- crystal structure (see Example 1) a second 
PapD- peptide complex was • investigated by X-ray crystallo- 
graphy, since tight binding had been observed for the peptide 
derived from the wild- type C- terminal 19 amino-acids of PapK 
CK1'-19'WT, SEQ ID NO: 19, and numbered here from the C-ter- 
minal Arg-l'.te- the N-terminal Lys-19') it was decided to use 
this as the peptide for the second PapD complex. 
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material., protein . p epeide . 

Phase synthesis, purine* by rm^L^T^ * *" e SOlid 
*«■ Or. uan Kihiberg. Bept of — 
tund, Lund. . Sweden, cnecustry. university 0 £ 

■ aftua-a* o.- Papo-peptide couple*. . ' 
After a number of d- OVT ,„ . 

*>% WM000, 0.1 M M5S p" 6 f " diffUSi0n 

contaiaed egual volumes « reservoir.? 1 """ 00 

We' protein solution ,, s 3 ° lutio '=- 

« W to peptide in';: rrri 3 1:1 "° iir raci ° 

glucoside OS-CG). ltn /»-<Jccyi 



20 



Wese crystals were mounted insid- se»-.«rt „ 
' lery tubes and iritiallv „... . fartz-glass C5pil . 

X-ray precession =1"" T'TT* * ~» « - 
inages it was d.t.zai'ned £T thl^ ° £ SUCh 

have a orthorho«b<e £L t ^"^tioned crystals . 

the ^-GI- 19 ^ c^a-s^nL"" 1 ^ *- 
. sions A, ^t c^r C2) ' With ° eU «» 

-as in tbe asy^crrc ^i^dl^tT^ ' BOle " 
on a lab x-ray source with rotating ancd" £ * 

Collection * processing s ^eri^t*, data. 

Sx^T- al^T* ^«.X3 were 

at Synbicon, „.. ^ "Tl?"" SySta " (£ --=» 
single crystal"**,, ' Ke « ""tained iron a 

Sle crysta. and processed initially with the denzo soft- 



NSOOCIO: <WO M14029A2J.> 



W095/I ^ PCT/US94„345S 

147 

I"* \ a f 396 (0C " ins ^- »»> . Merging and scaling of the 
data, however, was carried out using R0TAVA7A and AGROVATA 
from the CCP4 package ,CCP4, „ w , . The £inal fiaca A ™* 

o for data between 20.0 and 2.7 A resolution. 

Solution of three dimensional structure. 

mec^'T^ ° £ , COmPlS:C SClvefl ^ «» — dard 
method of molecular replacement using the prograa, XPLOr 

Orunger. 1992). The search model used was the -e'iJZ , „ • 
10 resolution structu-e o- PaoD ,u,, the -earned 2. O A 

,. . . . - Pa - DX! l^olfgren and SrSnden, 1989 

'-° " 4 -° A — the seif-rocacion J£-4_ 
again gave a clear nou- crystallography two-fold axis Xl 
-=P pea«s „ the translation functions also gave the corrlc- 
soluccns. After the translation functions the R .factc-"a"s 
1= 34 7% for 8.0 to 4,0 A resolution data. Subse^eht rigid body 
ref.ne.ent in which all 4 domains of the 2 Pa£ molecules T 
the asymmetric unit were allowed to refine indeuendencly 
resulted an an R-factor of 23.4* for the safe data. • 

Examination of an |Po H Fc| electron density map at this 

£!? TV SriPWCS Fr0Stt:n ° ' J0MS - a ^ard, 
th IT, f ClMr de ° Si=y ^ «• «e K-peptid in 

the PapD cleft and running along the surface of the protein 
in an analogous fashion to that found for the G-oeotide The 
orientation of the peptide was easily determined" fro., the 
S electron density, but initially only the final 12 C-texmina- 
amino-aeids of the peptide could be modelled into density 

Refinement and analysis of structure. 

in tiated at this stage. Several additional cycles of model 
5 *°- ia "» «*» fefanement were carried out with a further 2 
peptide amino-acids being added to the N terminal end of the 
peptide to yield an R-f.ctor for the current model of 19.2* 
for 0.0 to 2,7-A resolution data. The model at the present 
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stage of refinement (which contains no wa-er m Q i i 
does not include the first 5 N- termiral aniin 
Peptide) has root-mean scuare (msTd! ° C Che 

Secmecry of 0.013 for honds 1?^" J*" 

*« J- 8 for oond angles. 

D.spit. the two PanD-peptide complexes b .< 39 so , v .„ . ... 
ferent space groups, their overall " ° lf- 

W*Uy siaiiar with the pept^TLc "l S^Vf* » 
tanner essentiaUy identical to tw * - a - CD ir ' a 

seen to hind in T * 

-a e_ exceed conformation w'th i->-= r , . 

Arg-i. anchored within the ir.ter-dom=- e ^ " C '^^ 
binding site. Hydrogen bonds ar- - 
Peptide carboxy terminus and two tZZTl^ ^ 
residues of Paoi,, Ara-fi r -- ,var -* a - Positively charged 
rta - ' A " Sr 6 311(2 ^S-112. The „c-r,-^ 

then run along the surface of the N-te~<^ * " 

a parallel strand interaction i^^e,^' 
between 9 mainchair. hydrogen bond ar b " * ^ 

dues 10' to 2- of the oept<de and V^L ^ 
- thus .tending the^eet^ ^ 
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In addition, a dime>- ace«,..' ... • 

^-pept ia e ^"s^rrrjsr.?: - 

seen in the PapD-Gl' -19 «w- ... , similar .0 tr.ac 

/? »v crystal structure. Aca<n rh* 

0- sheet is extended as a result v 

2 f«i„ «. result of a non-crystallog-aDm- 

^ - fold symmetry wh'ch niara. - ^-^P" 2 -^ 

adiacent^ thT £st su-h Lt'th ^'^"^ 
interact as anti-nara- "l" . Tj? *?J~** ™ Ud ° Ch * iM 
a 3 ain b ein s created ^ ^ 
total of 10 .-strands v. », cra "P ls *« involving a 

residues . closer to tnl ^ ^? positioned two 

while ei s ht hvdro S en""LTa e'rolVL-" T"' "~ 
the PaoD-Gl'-lJ-HT cowl. Satween the peptides in 

P.pD.xf.. 19 .,£ ^ 3 " tal ° f 10 *« ^served in the 
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Apart front the C-tenrinal residue Tyr-2< and Arg-r ^here 
are again relatively few C0ntact3 between the aSaatam ^ 
the peptxae and Pap n. The „ jar infractions are proving 
the enchain hydrogen bonds to the Gl scrand. ThL £ * 
5 however, a number of hydrophobic interactions within the" 

/?-sheet, in particular between the peptide's iyr-6' with 

He -105 and Leu- 107 of strand Gl. 

EXAMPLE 10 

Identification cf a second binding site in Part and dev-oo- 
10 ntent of new assays ' p 



•Tntroducti 



on 



A chaperone binding assay was developed to delineate o^c 
PapG interactions using mbp/g fusions, containing increase 
lengt hs cf the, C00H- terminus of PapG. The ability of PapD~co 
IS bind t o PapG truncate proteins missing increasing lengths of 
the C0O.-T tenwnus of PapG was also examined. ' 

Zxperlmen tia.1 procedures 



Bacterial strains 



20 t col \ s ^ HBioi (Maniatis et al.. 1982) was used as 
20 a hose stram in the studies involving the M3P/G fusion 

proteins. Strain DH5« was used as the host to construct KBP/G 
fus.on proteins (Hanahan, i 933) Md PapG truncaCes . ^ 
(degP, ; ^an, (Strauch e= ^ , ^ ^ 

Becxvith and used for expression of the PapG truncate ore- 
25 teins. 



Plasmid construction 



The E. coli expression plasmid pMAL- P 2 (new England Biolabs. 
Beverly, MA, USA) was used for the construction of P MAL-p4. 
PMAL/G1'-1 3 .V PMAL/G1.-81' and pMAL/Gl' -140' using procedures 
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essentially frcm Maniatis ^ Utis et 

gene encoded by pwkL--p2 has a '* Ths 

end. Plasnid pMA f. p2 ^ s to t,e 3< 

5 ligated and the resulting 6 fra ^ 6Ilt «« re- 

- . b cne resulting plasnid called dMAL r - i,^ 

codon between the malE and lac*, seouencef^ 3 *** 

vas digested with H£ndX- and f * ' 

resulting fraga.^ was ii«T/ W1Ch :<le= ° w and th * 

5'CCATCGA^f^ Xlgated WiCh a CZ-I linker, 

io pr0 du= e Pl a S ,, a ^.J. 7^^; s BsverlJ " m - Ks *> » 

(S'CCCCCCTCCASaTCaSATTAMCAOCTACCIGCS' SEO - Hr ,„ 

24 > ^ Pricier 23559 (S'CC^CGATraa^W, ' ° 

» »■ «> «. used for Toi^^T 3 ^ 3 '- 
H utilizing pP M3 <Kull s: al ^"-O^n- S-Mion, ( KR ) 

the Cerate: The E« — ct^." ! ^ " **" " S4 > " 
f- the ra reactions usin S ^V^s^as !* ^ 

Uoated into ~ -^T^^^ 6 ? ^ 

' " 0 nucleotide olicomers 
25 GAT3V, SEQ ID NO: 26 and ^" CTATCAC?ATCG ^^TT7CCCCT 
5 ' CGATCAGGGGAAACTCAGAACrA-r- rrr^, „ » » - 

CCTGCA3 ' , SEQ ID „ ^-^^"^AGCCCCGKTTrTCTCm 
anneaied. The J^ ^;^' synthesis an, 
of the carbccyi t.rnt-al^. C ° ntalnin * «*• ==*«=oe 

30 was lifted to Pse^t " T" 0t *** 

PMM./C --19' ai, Tul ■ PS ;ra ^ eo = » Produce 
L- - ! ' «w«ee« used in this study we- 

land. OH ^!: Urer ' S dire " t0 - «•/■««. 

tion of the i,r 3 e L^I a !' r , ^ifica- 
created by first d^'" 4 ." llS " ioa - <*«*» » «« 

st 3 .-aoS lnco pocis at EcoSI and BantfX. 
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digesting with Hindi to remove the last approximately 300 
nucleotides and religating. The EcoRI-mncIl fragment was 
tnen cloned into pMMBSS to create pHJ2 3. 

Induction and partial purification of mbp/g fusions "' 

5 Strains carrying K3P or MSP/G fusion gene plasmids were 
induced in lb broth culture with 1 mM isopropylchiogalacto- 
side (IPTG). Periplasmic extracts were prepared as described 
(Slomm et al., 1992). one tenth volume of 10X phosphate- 
buffered saline (PBS, 120 mM Nad, 2.7 mM KC1, 10 my Na ,«o 
10 and 2 mM KK 2 po 4 , pH 7.4) was added to the periplasmic 

extract. Amylose resin was then added to the periniasmic 
extracts at a 1:5 ra-o. The mixture was rocked at 4°C ov~- 
night and the beads were subsequently washed 5 times with 
PBS. MB? or MBP/G fusion proteins were eluted with 20 mM 
15 maltose in ?BS by rocking at 4«C for an hour. Protein concen- 
crations were determined using the Bio-Rad DC protein assay 
kit (3io-Rad Laboratories, Hercules, CA, USA). The full 
length fusion protein concentration was further cuanticated 
by the Ccomassie stained SDS-FA5E gel with kncwn concentra- 
tions of bovine albumin (SSA) as the standards followed by 
densitometry scanning. 

Characterization of interactions between PapD and MSP/G 
fusion proteins 

The MBP or M3P/G fusion preparations from >3i0l/oLSiCl/pMAL- 
25. P 4, HBlOl/pLSlOl/pMAL/Gl'-lS', EE101/pLS10l/pMAL/Gl ' » and 
BHioi/pLSiOl/ P MAL/Gl'.i40« were applied to isoelectric focu- 
sing (IE?) pi 3-9 gels (Pharmacia Phase System, Pharmacia, 
Sweden) or 12.5* SDS - PAGE followed by silver staining, Coo- 
massie blue staining or immunoblotting with anti-PacD 
30 antiserum as described Uuehn, et ~al,. 1991) . 

The stability of the FapC-MBP/Gi' -140' complex in urea was 
determined by incubatin 5 i ^3 partially purified M3P/G1'-140- 
preparation from H3lOl/pis:oi/ pM AL-G140 in 0-S M urea for S 
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minutes at 25°c (Kusha at al 19911 

analyzed by IEF (pi 3 . s , with'sil^^^ 108 

»P/91'-140' complex on the j« ~T The 

densitometry (Digital ***** ~e W£S guaa ^ fi sd by 
* i^ffitai Imaging System, Is-iooo). 

S The interaction between Papz> and M3 P/G . 

assayed by inciting purified I£ 1 *" 
affinity purified J«p /C fusicn pr * ^ JS*.*? 0 " 
30 minutes and then applied to L " 3:c; S, f " ' * ?SS f ° 
silver staining, bother in W t . 0 Jl" folAOWSd ^ 

10 tativ- is cho r-rc, ^ ay tha - is nore 

tne ajjISA described below. . 

Characterization of the interaction be^. 3 _ ^ , D 
truncates — p3 & D a-~d PapG 

Pzpv and the Pap^truncaies wer- r-> . 

truncates were indue- a c CD o ^T^H* >* *" 7 Vt*i» 
IS under the control of L aSlnot «* 

0.2V, arabinoae. After ^X^ZS^l with 

^tracts were prepared and roefce wi^al 

overnight at 4-C and elut-d with J A Gal b£ads 

Gal-TMSET solution as descliW ^ ^ 
30 -SS; Kuehn etal., ^ ^j^T"* 

acidic native gel e^^^^l * 
followed by western bluing using^"!^ ^ 1994 > 
antiserum, . S 5 antl Pa P D and anti-PapG 
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HSi0i/pFJ3 harbouring various w^o/r- * -', ' 

passa 3 aa on T^cicas, So^f £ A tl!^ ^ 

sion. A C Ch e las pa^l" " " f*** 

»as-£„dacad on TSA cc-.- " ■ t -*:"» t ~^ of fusions 

"=ea (Ja.os-Duiuissoa et al.. 1993b). 
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Pi la preparation and quantitation ' 

The cells obtained from TSA plates were collected- Pili were 
prepared from the same amounts cf cells using the procedure 
described previously (Jacob-Dubuisson, et al. , 1593b) . These 
5 pili preparations were boiled in Lammeli sample buffer with 4 
M urea, then analyzed on Coomassie blue stained SDS pclya- • 
crylamide gels. The relative amount of piliaticn was quan- 
tified by densitometric scanning of the PapA bands. 

ELISA assay 

10 Stock solutions of M3P/G fusion proteins in PES were diluted 
to 40 pmol/50 fil with PES. The solutions of the 4 0 pool /SO jil 
MBP/G fusion prcteins were serially diluted in PSS and 50 fil 
of each solution were used to coat the wells cf a 95 -well 
Nunc trnmunoplate (Inter Med, DK-4000 Roskilde, Denmark) 

15,... overnight at 4°C. The wells were then washed with PBS and • 
blocked with 200 |il of 3% BSA.in_P3S for 2 hours at 25 C C. The 
plates were washed vigorously three times with P3S and incu- 
bated with 50 fil of PapD diluted at 50 pmol PapD in 50 /il 3% 
BSA-PBS for 45 minutes az 23 °C. After three washings with 

20 PBS, the wells were incubated with a 1:500 dilution of rabbit 
ant i- PapD antiserum in 3V BSA-P3S for 45 minutes at 25°C. 
After three washings with PBS, the wells were incubated, wirh 
a 1:1000 dilution of goat antiserum to rabbit IgG coupled to 
alkaline phosphatase in 3% 3SA-PBS for 45 minutes at 25 °C. 

25 After three washings with P3S and three washings with devel- 
oping buffer (10 mM diethanolamine, 0.5 mM MgCl 2 ) , 50 jil of 
filtered 1 mg/ml p-nitrophenyl phosphate (Sigma, St. Louis, 
MO, USA) in developing buffer was added. The reaction was 
incubated for l hour, in the dark at 25°C and the absorbance 

30 at 405 run was read. 

Tor assaying the second site peptides, all the peptides were 

dissolved in dimethyl sulfoxide (DMSO, Sigma, St. Louis. MO, 
USA) to a final concentration 2 mM. The stock solutions were 
diluted to a proper concentration in PBS and coated overnight '* 
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on microciter wells at 4'C Mr 

justed >, the ^ DMSo ; 9aq :,S^f t ^V° 1 ! tions -» 
followed the procedure described above*.*' step, 
•Results 



5 M3P/G fusions 
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To identify . determinants, on PanG ess*nt<*i 

ticn we constructed three ^ f raxJ ! ' *«* inrarac ' 

tbe-coOH- terminal residues VM* 
>, • PspG (Fig . 20). Th- -esulfci™ \. ' * * 81 an4 S-'-Wbi 

indicate the regions of n 3rr ' ' res ? e =tively, co 

* peptide con,^ of .N ^ ^? 
- vitro (Kueta et al., Ws3) . >s» /G ..~. ~, c: ~ 
»ere created to test er. • a=d.»s=/ci< -uo' 

located : disulfide b oa4 J " * ***** 

, cysteine residues .while ^/ G v/^'/ 81 laCKS Che two 
bond (?ig. 2oj. - W contains the disulfide 
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The ability of PapD to bind to th- M3p /G -„ : • 
gated using amylose a^^ itv ,w IUSiocs ^s investi- 

^renci, 1932 , . Papp Z^^T^ <W -"*~ "* 
(Slonia, et al., 19 c 2) * ex ^ ress ^ fron piasmid pLSlOl 
Plasnic extrac s f^ ^ ^ ! «* ^sions. Peri. . 

teins and Pap D were sub^lH ** ^ ^ 

-graphy and the *uJ^£"^f° S * chro^to. 
-**«tt*4*6^ 21X) and by 

assay/ co.elutrL^Vol ;^^ 18 ^ ^ ' »■«**. 
interact with the teP^!^ ^ ^ ° f **> " 

that ,ap. co-eluteH t h ? a ^ «*W 

■ three fusion proteins (Fig. 213, 
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lane 2, 3 and 4) but not with the M3P control (Pig. 2lA and 
21B lane 1) . However, PapD interacted much stronger with fne 
MBP/G1--140' fusion as can be seen in the western blot (Pig 
21B, lane 4) as well as in the coomassie blue stained ge^ o- 
5 the eluates (Pig. 2 1A, la^e 4) . Thus, PapD interacted strong- 
ly with the MBP/Gl'-140' protein and only weakly with the 
M3P/Gl'-19' and MBP/Gl'-Sl' proteins. 

Analysis of the eluates on silver stained isoelectric focus- 
ing (IBP) gels revealed that the PapD-MBS/Gl' -140' complex 
migrated at an isoelectric point (pi) of 5.2 (Pig. 2ic* lane 
4) which was intermediate between the pis of MBP/Gl'-140' ■ 
(-4.4) and PapD (-9.1). This band was confirmed tc cental 
tett^po-iad M3?/Gi'-140' by excising the unstained band, 
applying the material to SDS-PAGE and analyzing it by wes- 
tern-blotting using anti -PapD and anti-M3P antisera (?ig 
21D) . It was not possible to detect stable comolexes in the 
eluates of M3P, M3P/G1'-19» or mbp/gi' -81' when co-exoressed 
with PapD (Fig. 21C, lane 1, 2 and 3} . 
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The stability of the PapD- KBP/Gl' -140' complex was measured 
as a function of urea concentration in the presence of 15 mM 
DTT. Both the PapD-PapG and PapD-mp/Gl' -140' complexes 
behaved similarly under these conditions and were dissociated 
after incubation in 2.M urea (data not shown) . By these cri- 
teria, the Papl?-M3?/Gl'.i40' complex was as stable as the 
25 PapD-PapG complex. 

Expression of M3P/G proteins Inhibit piltis formation 

PapD is essential for ?-pil us assembly (Hultgren et al., 
1991) . a decrease in the concentration of PapD in the peri- 
plasm has been shown to cause a concomitant decrease in 
piliation (Slonim et al., 1992) . The ability of the MBP/G 
fusions ..tcblock pilus -formation -by inhibiting chapercne- 
subunit complex formation when co- expressed in 'trans with the 
pap operon was tested. Plasnids pKAL-p4. pMAL/Gl' -19' , 
pMAL/Gi'-8i' and pMAL/Gi' -140' were transformed into the 
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strain EB101/pPJ3 which contain the 

control of its own prorote- ^"k * Uader ch * 

Dubuissoc et a 7 1353b", C V6CC ° r pACYCiS * 

» Wotting wi^anti:^ * « «~ 

nation (HA) assays were perfonned c^tlT/^ ' H ^ 51 ^ 
the pap operon with either mhp (pMAL . o4) ' SllS f jessing 
-P/C fusions. Co-e^ressio, * * J? ? 

the p SP operon decreased the EA tit.- 3 ,1 ^ W ~ h 

MS? control (see table 3) . Cld to the 

proteins 1 «» 9 " — 
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Nati on percentage' 1Q0V - ; — ■ _ 

• ; *°< to* 

transformed into the stra- HS1C1C/ —3 ' - espectlvsl >-. '"ere 

«* each of the K3?/G fusions w as Ji^T^** ^""^ C " - ca -= *>«cr. 
b Kis>.est dilution o_* cell B- 3 o e -,. * 
) e - ha .,. S - 3pe3slcr - yielding detectahl- 

> pill preparations vers aaalv-d en r . Z - C ~* 1 - ^ 

the p a .^ bMa6 wers acmA ! Sle fclus B=££=sd 5els — 

decerned b y ecuarin* the "T* ^ PiU *~« 

control. fHBioi/p^/p^-p^ *'' alUe ° f *** =° 10 °* of the ' 

Co-expression of the M5?/ 3l ,. 8l . ^ m/Ql . . 

the pap operon had o-iy'w-av 19 rus ions with 

31 r« a • erfects on the HA titer /Tahio 

3). Co-expression of N3P/G1 • -i 40 ' w^>, 

the amount of pili that COuld bfi ° T/ &P 

90% whereas MSP/Cl-c. and - '* 

Pili formed bv about 50% eJI! f tke MI0UIlt Cf 

. * compared to MBP alone (Table 31 

electron microscopy confirmed that e-li. 
M3P/G1--140' fusion had li- e 7. expressing the 

fully piliated cells jt U - tla -« ^ P^i canpared to the 
y P-liated cells cc- expressing mbp (dara not Bhovn) # 

We hypothesized that th* - 3 ., m ,„ . 

fusion with the pap oo^V -\ Z ^ ° f MBAa, -"»' 

ope.or. inhibited pilus formation by 
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. tierttlB, A*D away from the subunits thus driving subunits 
down dead end pathways of aggregation and proteolytic degra- 
dation (Hultgren et al., 1989; Holmgren et al., J, a) . xh ? is 
hypothesis was tested as follows. pMM,-p 4 , pMAL/Gl' -19' 
5 pMAL/Gl'-ei' or ?MAL/G1<-140< were transformed into BH10' ■ 
carrying P FJ22 (Jacob-Dubuisson et al. , i 994 ) . Plasmid oFJ22 
encodes papDJZEFGA under the control of the P^ promoter- 
in HB101/p?J22, pilus subunits accumulate in the periolasmic 
space due to the absence of the usher. PapC. The effect o^ 
10 expressing each fusion on the fate of each pilus subunit type 
was determined by western blotting (Fig. 22 , . A significant 
decrease in the amount of PapG, PapA and Pao? in c»lls co- 
expressing the mbp/gi»-140' fusion was detected arguing tha- 
the M3P/G1--I40' fusion blocked chaperone -subunit ccmolex 
formation by interacting with PapD and traoping it away from 
pilus subunits. -There was no effect on PapK and PapS stabi- 
lity for reasons that are not understood. Nevertheless, th- 
fusicn was capable of blocking pilus formation by interf-ri-g 
with the formaticn of critical chaperone- subunit. complexes. 

In vitro chaperone binding- assays 

PapD binding to the M3P/G fusion proteins was further inves- 
tigated using two different in vitro assays. In the *i-st 
assay, purified MBP/G fusion proteins or MBP, were incubated 
with PapD and complex formation was analyzed on silver 
stained IE? gels. PapD bound to the MBP/G1'-140' fusion' 
protein and formed a stable complex that migrated to an 
identical pi (5.2) as that seen for the comolex formed in 
vivo (Fig. 23A, lane 4). m contrast, no complexes between 
PapD and M3P/G1--81', K2?/Gl'-i 9 . or the MB? control were 
detected (Fig. 23A, lane 1, 2 and 3) . In the second assav, we 
investigated the ability of PapD to bind to the three differ- 
ent M3P/G fusion proteins immobilized on microliter wells and 
guantitated the interactions -in an enzyme-linked immunosor- ~' 
bent assay (ELISA) using anti-Papu antiserum (Fig. 23B) . PapD 
bound weakly to M3P/Gl'-i 9 ', slightly better to M3P/G1'-81' 
but very strongly co the MB?/Gl» -140' . PapD did not bind the 
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. M3P control. Ths dramatic increase <„ ^ 

5 The invariant .cleft residues Arg- 8 and Lys-US o a .n 

been shown to form a molecular anchor ia L ~ ° haVe 
necessar, for ^ P Uus £~ 

Xuean et a-., 1993). Mutations in these ***** u 

, " tnese residues abolis^o^ 
greatly reduced the ability of P*«n * • • ^ 3 0: 

im oucant Pap D proteins deuced tola^"^^ 

tne rr.ceraccior. S becwee.-. PajS a =d ths ^p,,,, . , ^l;.; 3 -- 
IS biologically relevant. --=10- ar« 

^ «s«d Che aiiluy of Pa P5 co bi„a chrea ^ cOOK-te-/ 
nanal cruncace proceir-s (shown <n Fio ?ni < , 

cassecce in che deg-P locus id^!, ""^ * 

z p n c_acef — i :t 

25 however the P^rvn , ^ # 

— -f^pua. truncate ^Tirv^ft t 

. ucdecvenc lifted *««^*!", " reSi& "' 
* rt «,-.-r M laa^a hoc shown). Complex 

^orniation was assayed hv • . ■ ■ 

acid nacive Polyaocyli L " ^c-it^ =™ " 
HPS and ancl-PaoG astisera «! I ' " S4! ' 

30 cocoes afcec ^ / "? " '"T ? ! 

wich Che Papsa croncac , 2« T PS " " U " 

3S Plex band »as also raco'Jlz- b„ " 3K ^ * 

so recosiuced by anci PapC acciserum (Fig. . 
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24B iane. 2 and 3, . PapD did not form a complex with the 
Papa truncate (Pig. 24A * B# lane 4) which terminates a- 
7 DO aCXd ,^ This -^"nation delineates an endpoirt for 
the second PapD binding site (as indicated in Fig. 20) . 

5 lT, irSn5 J he ^ " e Md the M3P/G fusi - **• (shown 

in Fig 20) suggested. that the second site on Paps recoonized 
by PapD resided in a region between residues 117' to of 
PapG. Four overlapping peptides were synthesized correspon- 
ding to the region between residues 120' to 156' a-d t*' S r** 
rcr their ability to bind PapD in an ELISA assay. Such a 
strategy proved successful in studying the COOK- terminal ParD 
binding site (Kuehn ez al., 1993). The peptide corresponding 
to residues 125' to 140', but not the other three peotides, 
bound to PapD in the ELISA (Fig. 25) . xhesa data a=B ^ _ v _ t 
1= PapD recognizes two surfaces cn PapG. PaoD forms a b^a 

strand zippering interaction with the C00H- terminus but a*, so 
recognizes a region containing residues 125' -140'. 

Discussion and conclusions 

In conclusion, a chaperone binding assay was develooed using 
20 fusions of the carboxyl terminus of PapG to Maltose* Bind^g 
Protein (M3P/G fusions) to investigate whether chaoerone- 
subunit complex formation requires additional interactions - 
PapD bound strongly tc an M3P/G fusion containing the C-ter- 
minal 140 amino acids of PapG (M3P-G1* -140' ) but only weakly - 
25 to the MBP-Gl'-flV, arguing that the region between the C- 
terminal residues 81' and 14C contains additional infor- 
mation that is required for strong PapD-PapG interactions. 
PspD was further shown to interact with a PaoG C- terminal 
truncate containing residues 117' -314' (corresponding to a 
truncate consisting of the first 198 N-terminal amino ac-'d 
residues of PapG) . but not with a truncate containing resi- 
dues 170 ' --314' (corresponding to a .truncate ccnsisting-.-of- -the 
first 145 N-terminal amino acid residues of PapG) . 
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• • These results together suggest that ^ . 

**» interactive site e^i * ."^T^ 
C-terminus cf the oilus subun't T^l V 
confirmed by th- fac- t h a T « ^surrption is further 
^ Lil ~ taCw that one of four non-^ 
5 the second site region o* PaoG was „ overlapping 

. . o_ i»apc was recognized bv Paon tv« 

last result also rules out that the function ofth^stt. 
sxte was to exert secondary effects on the COOK t-r^LT 
chaparone binding site sine- t M s r«,i„ c -^-nal 
capable of facilitating £ ~ 

10 Unlike what is true for the native suburits i- was 

stated that kbp-c,'.^ is capable ottl^Z^?'^ 

• " s : o e id C . " ^ reRaia ***** * «- Periplas^c soale'; 
-h-s ol ^ng mvc^es the formation of an intrMoie-^ 

-ulpnxde bond. This is consistent with earlier da " 
-5 that the submits themselves are highly folded when bou- r"l 
PapD -(Kuehn et a'.- :s e ,. ^i.. , -oj wea- boua co 

S-riker etal., 1934). Hovev— 

is not yet known wherhe- Pa-n , . . ' 

thev • • S C0 suou *its- in vivo affee- 

. ..u-o o. wnecn=. -olomg. occurs in the con-e x- o« .„ 
interaction with PapD. =°n.ex. o. an 

20 Anally the expression c £ the M»/e fusions in , csl , s - roiu . 
«B » pax inhibited pi ius asse ^, y £0 ^ J^f^ 

binding to PapD and oreve-tir- ch a ™ 1 " y 

. . - — uin a cnaperone-subunic come 1 ex 

formation. The abi">- tv o- --no F-ex 

— cy o«. »ne rusions to block n- i„ e - 

increased as the lenath of the r- us ,- nn ! P asse =»-y 
25 K3P-G1-140' was a s-^ ? ^ iRCreaSed ' 

— <.SV anT^^ ^ 
_ . , ' were weak inhibitors. This is 

consistent with the *i— • *«- ►v,, . ^ x * iiS - s 

a tfcac re sidues 140' -81' contain a 

region necessary for st-o-a ^- a „„. , contain a 

^ s.. 0 ..g infractions between PapD and 
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Recent research by the «-v»— •,»-. * 

.-,„ e . v . . * / — - crs -^as further, revealed that 

tne simultaneous exc-a::-'<Ne . 

Pa DO polyoeofd" " ' V "'° 9£ «■*—■"<*««* 

ex^ressiS thl«\ " * ln a ds * Pii strsln (xs "«' 

expressing this truncated Pa-r rocnu- -m 

*>PC toxicity in this c,"^" « 1! suppression of 

ne 21153 2) efficient partitioning 
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into the periplastic space of PapG. However, the oilus sub- 
unit is not correctly folded after release .from PapD. 

It is thus suggested by the inventors, that the" binding 
between pilus subunits and PapD takes place by the pilus 
5 subunit binding to detrain 1 and 2 of PapD. The binding 

between the subunit and domain l is important for the'eprrset 
folding of the subunit, and the binding between the subunit 
and domain 2 is important for the transport of the subunit 
qut into the periplasm. Whether domain 2 of PapD also par- 
ticipates in the folding of subunits is not known. 



Since the above results are strong indicators of the exis- 
tence cf at least one binding site apart from the one invci- 
ving Arg-S and Lys-112 of PapD, and si-ce it seems that this 
novel binding site is also very important, in the net inter- 
im action between PapD and the pilus subunits, it is contem- 
plated that also effecting rhis binding site will have the 
antibacterial effects described herein. 

It is thus the plan to elucidate the motif of binding between 
this second binding sire cf PapD in manners similar to those 

20 described herein, and it is further the plan to 

design/identify compounds capable of interacting with this 
second binding site in order to ultimately syntnesize com- 
pounds capable of interacting with this site in such a manner 
that assembly of intact pili is prevented, inhibited or 

25 enhanced. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION; 



(i) APPLICANT: 

(A) NAME: Washington University 

!ri SI"! 724 S ? Uth EuClide Ave ^* 

(C) CITY; St. Louis 

(D) STATB: Missouri 

(2) COUNTRY : USA 

(F) POSTAL CCDS : MO £3110 

(i) APPLICANT: 

(A) NAME: Symbieem Afctiebolag 

(3) STREET: Tvistevaecen 48 
(C) CITY: Umea 

(2) COUNTRY: Sweden 

(?) POSTAL CCDS: S-9C7 3o Oziea 

'"' TK £ £XS 252? 05 "°" B «<» « «-> 

(iii) NUMBER OF SEQUENCES : 27 • 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy dick 

(3) COMPUTER: IBM PC compatible 

(CJ OPERATING SYSTEM: PC- COS/MS- DOS 

(D) SOFTWARE: Patents Release fc.o. Version #1.25 (EPO) 
(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 874 base pairs 
(3) TYPE: nucleic acid 

(C) STRANEEENESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genoniic) 

{iii) HYPOTHETICAL; NO 

(iii) ANTI-SENSE: NO 

fvi) ORIGINAL SOURCE; 

(A) ORGANISM: Escherichia ccli 

(ix) FEATURE: 

(A) NAME /KEY : CDS 
.(B) LOCATION; 1..72C 

(ix) FEATURE: 

(A) NAME/KEY: sig_oe?tide 

(B) LOCATION: 1..63 

(ix) FEATURE: 

(A) NAME/KEY; *atjepcid«„ 
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(B) LOCATION: 64.. 717 

(x) PUBLICATION INFORMATION: 
(A) AUTHORS: Norgr n, M. 

Baga, M. 

Tennet, J.H. 

Normarlc, S. 
■(C) JOURNAL: Mol . Bid. Rep. 
(D) VOLUME: 12 
(?) PAGES: 169-178 
(G) DATE: 1987 

(xi) SEQUENCE DESCRIPTION: SZQ ID NO: 1: 

ATG ATT CGA AAA AAG. ATT CTG ATG GCT GCC ATC CCC CTG TTT GTT ATA 40 
fcfer lie Arg Lys Lys lie Leu Mez Ala Ala He Pro Leu Phe Val He 
-21 -20 -15 ..10 



TCC GGG GCA GAC GCT GCT GTT TCG CTG GAC AGA ACC CGC GCG GTG TTT 95 
Ser Gly Ala As? Ala Ala Val Ser Leu Asp Arg Thr Arc Ala Val Phe 
-5 1 5 V 10 

GAC GGG AGT GAG AAG TCA ATG ACG CTT GAT ATC TCC AAT GAT AAC AAA 144 
Asp Gly Ser Glu Lys Ser Mez Thr Leu Asp He Ser Asr. Aso Asa Lys 

- 15 . -20 25 

CAA CTG CCC TAT CTT GCT CAG GCA TGG ATA GAA AAT GAA AAT CAG GAA 192 
Gin Leu Pro Tyr Leu Ala Gin Ala Trp He Glu Asn Glu Asa Gin Glu 

30 ■ 35 40 ... 

AAA ATT ATT ACA GGG CCG GTT AT7 GCC ACC CCT CCG GTT CAG CGC CTT 240 
Ly 3 lie He Thr Gly Pro Val lie Ala Thr pro Pro Val Gin Arg Leu 

50' 55 

GAG CCG GGT GCG AAA AGC ATG GTC AGG CTG AGT ACC ACA CCG GAT ATC 28 8 

Glu Pro Gly Ala Lys Ser Ket Val Arg Leu Ser Thr Thr Pro Asp lie 
60 65 70 75 

ACT AAA CTT CCT CAG GAC AGG GAA TCA CTG TTT TAT TTT AAT CTC AGG 33 6 

Ser Lys Leu Pro Gla Asp Arg Glu Ser Leu Phe- Tyr Phe Asn Leu Arg 
SO 85 90 

GAA ATA CCG CCG AGG AGT GAA AAG GCC AAT GTA CTG CAG ATA GCC TTA 284 
Glu He Pro Pro Arg Ser Glu Lys Ala Asn Val Leu Gin lie Ala Leu 
9S 103 105 

CAG ACC AAA ATA AAG CTT TTT TAT CG: CCG GCA GCA ATT AAA ACC AGA 432 
Gin Thr Lys He Lys Leu Phe Tyr Arr Pro Ala Ala He^tafr tffcr^Arg 
110 115 a20 

CCA AAT GAA GTA TGG CAG GAC CAG TTA ATT CTG AAC AAA GTC AGC GGT 480 
Pro, Asn. Glu val Trp Gin Asp .Gin Leu He Leu Asn Lys Val Ser Gly 
125 a5 5 

GGG TAT CGT ATT GAA AAC CCA ACG CCC TAT TAT GTC ACT GTT ATT GGT 528 
CXy Tyr Arg lie Glu Asn Pro Thr Pro Tyr Tyr Val Thr Val He Gly 
140 145 15Q 15S 
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2 S S £ Si % 2 s 2 Si 2 2 Si 2 r «■ 

160 y 5AU Pfce G1 w Thr Val 



165 170 



,ATG CTG TCT CCC CGT TCA GAG>-r nr-n ~. 

». u, sc.- ,„ „ S S Si Si S S £ 2 s if 52 *- 

173 lao ys Ser Asa Tyr Asa 

185 



S7S 



624 



S tS^SiSI £ 2 s - - « « 2 c coo OTA TO „, 

ISO lot: ^ • G1/ ?r ° Val teu 

i9S 200 

TtO T7T ATC TGT AAT G5T AGC CGT TGC TCT GTS 

Ser jg rie Cys As., Gly Ser a~ ^ £ «J J£ J£ «J AAA TAATGTACCG 7 2 7 

210 215 " 



CWa,C8 ° I ,aW!Ga,c9 0CMraraT ,„ 

" eTOTOe * CTB °" ra — - c^cr ««« 

GTATATACGA TGACGTC7T? ACTSCA3 



874 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SSC03NC2 C-IAittCTSaiSTICS • 
CA) LENGTH : 239 amino acids 
(3) TYPE; amino acid 
P) TOPOLOGY; linear 

(ii) MOLECULE TY?£ : protein 

Cxi) SEQUENCE DESCRIPTION SEQ ID NO: 2: 

ne Ax, Lys lie Leu ,ec Ma Ma Xle Pro Leu Pne Val lie 

s~ «, «.„ P „. M . vs; _ ta ^ p ^ J ^ Ma ^ ^ 

5 10 
Asp Gly Ser Glu Lys Ser Mer Tf- * e .. T , „ 

15 ~lt Asp Xle Ser Asa Asp Asa Lys 

20 2 g 

Gin leu Pro Tyr Z^eu Ala Gla Ala t— , ti ~- 

30 35 Trp lle Glu Glu Asa Gin Glu 

* 40 

tys rie tie Thr Gly Pro Val tin n» ■ - 

45 Y H tle Ui ■ Tkr Pro Pro val Gla Ar 9 Leu 

30 55 

Glu Pro Gly Ala Lys Ser fcet v a i T 

60 ^ Jj "=» ieu Ser Thr Tar Pro Asp lie 

7.o ; 7S 

Ser Lys Leu Pro Gin Asd Arc G'u e— » 

bo asp a. S G.u Ser Leu Phe Tyr Phe Asa Leu Arg 

BS 90 

Glu =le Pro Pro Are Ser Glu Lys Ala Asn Val Leu Gin He Ala Leu 
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( Gin Thr Lys lie Lys Leu Phe Tyr Arg Pro Ala Ala lie Lys Th~ Arg 
110 "5 12Q 

Pro Asn Glu Val Trp Gin Asp Gin Leu II Leu Asn Lys Val Ser Gly 
12S 130 135 

Gly Tyr Arg lie Glu Asn Pro Thr Pro Tyr Tyr Val Thr Val lie Gly 
140 1« 150 15 5 

Leu Gly Gly Ser Glu Lys Gin Ala Glu Glu Gly Glu Phe Glu Thr Val 
150 16S 170 

Mec Leu Ser Pro Arc Ser Glu Gin Thr Val Lys Ser Ala Asn Tyr Asa 
175 lfiO i 8 5 

Thr Pro Tyr Leu Ser Tyr lie Asn Asp Tyr Gly Gly Arg Pro Val Leu 
190 195 200 

Ser Phe He Cys Asn Gly Ser Arg Cys Ser Val Lys Lys Glu Lys 
205 210 215 



(2) INFORMATION FOR SEQ ID 570: 3 ; 

(i) SEQUENCE CHAR^CTERZSTICS: 

(A) LENGTH: 30 base pairs 

(B) TTPZ: nucleic acid 

(C) STRANDEDNSSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (Synrhetic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GTCAAACACC GCCGGAACTC GTCCAGGCGA 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNZSS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA {Synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

CGGGCGATAA AAAAGAGCTA TTTTGGTCTG 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairs 
(3) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
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(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE; DNA (Synthetic) 
(xi) SEQUENCE DESCRIPTION: SSQ ID NO: 5: 
GCGATAAAAA AGCATTATTT TCCTCTO 

(1) INFORMATION FOR SEQ ID NO: 6: 

<i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: l$ amino * c ids 
(3) TYPE: amino acid 

(C) STRANDEDNESS: sincle 

(D) TOPOLOGY: linear 

«. (ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE INSCRIPTION: SEQ ID NO: 6 : 

Gly Ly S Arc Lys Pro Gly G lu Uu ..r Gly Ser Met Thr Met Val Leu 



2? 



^jr -jro « s iy S *rc Gly Clu Leu Se- 

s ■ ■» 

Ser Phe Pro 



(2) FORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 16 amino acids 
(3) TYPE: amino acid 

(C) STRANDEDNESS: single . 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID K0; 7 . 

Lys Pro Gly Glu Leu Ser Gly Se- Me- , 
1 5 X we^ Thr Met Val Xeu Ser Phe Pro 

10 ls 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
* (A) LENGTH: n amino acids 
(B) TYPE: amino acid 
(O STRANDEDNESS : single 
(D) TOPOLOGY: linear 

"till "MOLECULE TYPE : peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IC NO: 8: 

Ser Gly Ser Met,Thr Met Val Leu Ser Phe Pro 
5 10 
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% (2) INFORMATION FOR SEQ ID NO: 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDED NESS : single 
(DJ TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Tfcr Met Val Leu Ser Phe Pro 
1 5 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 
(3) TYPE : amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Gly Lys Arg Lys Pro Val Glu Leu Ser Gly Ser Met Thr Met Val Leu 
1 5 io 15 

Ser Ser Pro 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 
(3) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: II: 

Gly Lys Arg Lys Pro Gly Glu Leu Ser Gly Ser Met Thr Met Val Leu 

« -Ser ?Phe Pro 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
(3) TYPE: amino acid 
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lO STRANDEDNESS : single 
(D) TOPOLOGY: linear 



(ii) KOLECULE TY?2 : peptide 

(xi) SEQUENCE BESCRIFTION: SEQ ID *Q; 12; 

«u «. « y ^ j, ^ ,„ Cly 01 „ ^ My ^ ^ 



Val Leu Ser Phe 
20 



10 IS 



10 • ^ 



(2) INFORMATION FOR SFC ID NO: 13; 

fi) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 19 a~.-io acids 
(3) TYPE: a~r.o acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi). SEQUENCE DESCRIPTION: S 2Q ID m . 13 . 

Gin ^sn X.u lie Ala Gl y ?ro Phe Ser Ala ^ Ala Thr Leu Val Ala 

-.0 

Ser Tyr Ser 

(2) IN70R2£ATION FOR SSQ ID NO: 14; 

(i) SEQUENCE OttJUCTERISTICS: 

(A) LENGTH: 13 arino acids 
(3) TYPE; amino acid 

(C) STRAXOEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION; SZQ ZD^O: 14: 
Lys Lys Lea Glu Ala Glv Asn Tv- Ph* „ 

1 5 . " P/r Phe ^JJ a Va l leu Gly Phe Arg Val 

Asp Tyr Glu 

(2). INFORMATION FOR SEQ 15 ;c . 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 13 amino acids 

(B) TYPE: anino acid 

(C) STRANDEDNESS; s;nc'- 
CD) TOPOLOGY: linear 



10 15 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Lys Ser Val Val Pro Gly Asp Tyr Glu Ala Thr Ala Thr Phe Glu Leu 
Thr Tyr Arg 



(2 J INFORMATION FOR SEQ ID NO: 16: 

{£) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 19 amine acids 
(S) TYPE: amino acid 
(C) STRANDSENSSS: single 
(D> TCPOLCGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: IS: 

Gly lie Leu Asn Gly Gly Asp Phe Gin Thr Thr Ala Ser Met Ala Met 
1 S io is 

He Tyr Asa 



(2) INFORMATION FOR SEQ ID NO: 17: 

' (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 
(3) TYPE: amino acid 
(C) STRANDEDNSSS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepcide 

(xi) SZQUZ^CZ DESCRIPTION: SEQ ID NO: 17: 

Tyr Ala Leu Ala Pro Asn Ala Val lie Pro Thr Ser Leu Ala Leu Leu 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 
(3) TYPE: amino acid 
•(C) STRANDEDNESS : single 
. ID) TOPOLOGY: linear * 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ip NO: le , 

tr. S.r V.1 v. ; 0:y „ ^ Ciy ua ^ uj ^ ^ 

IS 

Thr Tyr Arg 



12) INFCRMfcTION FOR SEQ ID NO: 19 j 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: iff asiina acids 
(3) TYPE: amino acid 
(C) 5TRASBS5NSSS: single 
, (D) TOPOLOGY ; linear 

(ii) MOLECULE' TYPS: peptide 



(xi) SEQUENCE DESCRIPTION: SZQ ID NQ : . 1$ . 

jeu Pro Ala. Thr As, ^ Leu Me: Leu Ser Phe Asp Asn Val ciy Gly 



io 15 



(2j INFORMATION FOR SEQ 13 NO: 20: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: iff aaico acids 
(5) type: amino acid 
(C) STRANDSDNSSS: single' 
P). TOPOLOGY: linear 

(ii) KOLSCUIE TYPE : peptide 



(Xi) SEQUENCE DESCRIPTION: SSQ .» NO: 20: 



Asp Gin He LysGln Leu P^c Ala th* a— . 

X c ~ a Thr ^ JL-eu Met Leu Ser Phe 



5 10 15 



(2) INFORMATION FOR SEQ ID NO: 21: 

U ) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: IS amino acids 

(B) TYPE: amino acid 

(C) STRANDSDNZSS: flincle 

(D) TOPOLOGY: linear 

lii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Tyr Lys Met Pro Tyr Asp Gin He Lys Gin Leu Pro Ala Thr Asn Thr 
1 5 10 is 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 
(3) TYPE: amino acid 
(C) STRANDSDNESS: single 
<D) TOPOLOGY: linear 

• (ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

Gin His His Tyr Tyr Asp Leu Trp Gin Asp His Tyr Lys Met Pro Tyr 
1 5 10 is 



12) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 33 base pairs 
(8) TYPE: nucleic acid 

(C) STRAND ET> NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DKA (synthetic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
CCCCCCTGCA GATCAGATTA AGCAGCTACC TGC 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 
"(C) "STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; DKA (synthetic) 
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(xl) SEQUENCE DESCRIPTION: SEQ ID NO; 24 . 
CCCCTGCAGT AAAAATATCT CTGCTCAGAA ATAC 

(2) INFORMATION FOR SZQ ID NO; 25: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
(3) TYPS: nucleic acid 

(C) STRANDSDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 



(xi) SEQUENCE DESCRIPTION: SZQ ID NO: 2S: 
CCATCGATGA ACAGCCAGTC AGATAATC ' 

(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: €1 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDSDNESS: single 

• (D) TOPOLOGY : linear " ' .. " " 

(ii) HOLSCULE TYPE; DNA (synthetic) 

(xi) SEQUENCE D-SCRIPTICN: SEQ ID NO: 26: 

GGAAAGAGAA AACCCGGGGA GCTATCTGGT TCTAT3AC7A TGG7TCTGAG tTTCCCCTGA 60 
T 

6: 

(2) INFORMATION FCR SEQ ID NO: 27; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 67 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND5QNSSS: single 

(D) TOPCLCGY: linear 

(ii) MOLECULE TYPE; DNA (synthetic) 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 27 : 
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« 

CGATCAGGGG AAACTCAGAA CCATAGTCAT ASAACCAGAT AGCTCCCCGG GTT7TCTCTT SO 
7CC7GCA 

67 
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CLAIMS 



l. A method for the treatment and/or prophylaxis of diseases 
caused by tissue -adhering pilus- forming bacteria, conprisinc 
preventing, inhibiting or enhancing binding between at least 
5 one type of pilus subunit and at least one type of p-w olas . 
mic molecular chaperone in the pilus- formina bacteria, the 
periplasmic molecular chaperone being one that binds pUus 
subunits during transport of these pilus subunits throuch f~ 
periplasmic space and/or during the process of assembly "of 
10 the intact pilus. 

2. A method according to 'claim 1, comprising administering, 
to a subject in need thereof, an effective amount of a sub- 
stance capable of interacting with at least one type of 
periplasmic molecular chaperone which binds pilus* subun< cs 
15 curing transport of these pilus subunits throuch the p~i* 
plasmic space and/or during the process of assembly of c^e 
intact pilus, in such a manner chat binding of oilus ' subun< ts 
to the periplasmic molecular chaperone is prevented, 
inhibited cr enhanced. 

20 3. A method according to claim 1 or 2, wherein the bact— >*a 
are selected from the group consisting of Haemophilus son, 
Helicobacter spp, Pseudcxcnas aeruginosa, Wycoolasma spo", and 
all members of the Ezterobacterlacieas family, including 
Sscherlchla spp, Salmonella spp, Sordetella spo, yersinia 

25 spp, JUebsiella spp., and Proteus spp. 

4. A method according to any of claims 1-3, wherein the 
periplasmic molecular chaperone is a periplasmic protein 
selected from the group consisting of PapD, FimC, SfaE, FaeE. 
FanS f CS3-1, F17D, Clpz, EcpD, Mrkb. FimB... SefB, Hif3, MyfB,' 
PsaB, PsfD; YehC. MrpD, CssC, NfaZ, AggD, and CaflM. 

5. A method according to any of claims 1-4, wherein the 
prevention, inhibition cr enhancement of the binding is 
accomplished by interaction with, in the periplasmic molecu- 
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lar chaperons, a binding site which is normally involved in 
binding to pilus subunits during transport: of these pilus 
subunits through the periplastic space and/cr during the 
process of pilus assembly. 

5 6.. A method according to claim 5, wherein the binding site is 
a binding site to which the carbcxyl terminal part of a. pilus' 
subunit is capable of . binding, and which comprises sice 
points substantially identical to the invariant residues 
Arg-8 and Lys-112 in -PapD, and a polypeptide fragment which 
10 is capable of interacting with a £-strar.d of the carborc/1 
terminal part of the pilus subunit, thereby stabilizing the 
binding of said subunit at the Arg-8 and Lys-112 site rcints 
cf the binding site. 

7. A method according to claim 5, wherein the binding site is 
15 cne to which the peptide G125'-140' and/or the fusion peptide 

K3?-G1'-140' and/cr the peptide Gl'-i9'i s capable of binding. 

8. A method for identifying a potentially therapeutically 
useful substance capable of interacting with a periplasmic 
molecular chaperone, thereby preventing, inhibiting or enhan- 

2C cing the interaction between a periplastic molecular chape- 
rone and a pilus subunit, the method conprising at least one 
of the following steps: 

1) testing a candidate substance in an assay in which the 
possible prevention, inhibition or enhancement by the sub- 
25 stance of the interaction between the periplasmic molecular 
chaperone and the pilus subunit is determined by 

adding the substance to a system comprising the periplasmic 
molecular chaperone or an analogue thereof in an .iramobi- 
-*- 'iized form and the pilus subunit or an equivalent thereof 
30 in a solubilized form and determining the change in binding 
between the pilus subunit or equivalent thereof and the 
periplasmic molecular chaperone or analogue thereof caused 
by the addition of the substance, or 
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• adding the substance to a system comprising the p<lus 

subunit or an equivalent thereof in an immobilized fonn a^d 
the periplasms molecular chaperone or an analogue there- 
in a solubilized form and determining the chance in b-ndinc 
between the pilus subunit or equivalent thereof and the " " 
periplasms molecular chaperone or analogs thereof caus-d 
by the addition of the substance, or 

adding the substance to a system comprisina the pHus 
subunit or an equivalent thereof as well as the b.ripi M ^- 
molecular chaperone or an analogue thereof in solubiKze-T 
form, and determining the change, in bindinc between th» 
pilus subunit or equivalent thereof and the oeripla«mS 
molecular chaperone or analogue thereof caused bv the 
addSSr. of the substance, or " 

adding the substance to a system comprising the p'lus 
subunit or an equivalent thereof as well as the perigastric 
molecular chaperone or an analogue thereof iTsoW",* 
form and measuring the change in binding enercy caused by 
the addition of the substance, and identif-yinc" the sub- 
stance as potentially therapeutically useful If a sicn«-<- 
cant change in the binding energy between the pilus subu^ 
er equivalent thereof and the periplasms* molecular chase*" 
rone or analogue thereof is observed, 

and identifying the substance as potentially therapeutically 
useful if a significant change in the binding or bSd<rg " 
energy between the pilus subunit or equivalent thereof and 
the periplasm^ molecular chaperone or analogue thereof is 
observed; 

2) testing a candidate substance in an assay in which the 
possible. prevention, inhibition or enhancement of the inter- 
action between the periplasms molecular chaperone and th- 
pilus subunit is determined by 
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adding the substance to a system comprising living tissue- 
adhering pilus -forming bacteria followed by determination 
of the growth rate of the bacteria, a reduction in growth 
rate compared to a corresponding system wherein the sub- 
5 stance has not been added being indicative of prevention, 
inhibition or enhancement of the binding between the peri- 
plasmic molecular chaperone and the pilus subunit, or 

adding the substance to a system comprising living tissue - 
adhering pilus -forming bacteria followed by a determination 
10 cf the tissue adhesion of the bacteria, a reduction in 

tissue adhesion compared to a corresponding system wherein 
the substance has not been added being indicative of pre- 
vention, inhibition or enhancement of the binding between 
the periplasmic molecular chaperone and the pilus subunit, 

15 and identifying the substance as potentially therapeutical! v 
useful if a reduction in growth rate or tissue adhesion is * 
observed after the addition cf the substance; and 

3) administering, to an experimental animal, a substance 

which has been established in vitro to prevent, inhibit 
or enhance the interaction between a periplasmic mole- 
cular chaperone and a pilus subunit, the experimental 
animal being inoculated with tissue-adhering pilus - 
forming bacteria before, simultaneously with or after 
the administration cf the substance, and electing as a 
25 substance suitably capable of interacting with a peri- 

plasmic molecular chaperone. a substance preventing 
and/or curing and/or alleviate disease caused by the 
bacteria. 

.9.. A method according, .to... claim . 8, -wherein the assay- in step 1 
30 comprises 

- adding the substance to a first system comprising the 
. periplasmic molecular chaperone or an analogue thereof, 
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- subsequently adding a pilus subunit or an equivalent there 
of which has been labelled with an environmentally sensitive 
fluorescent probe, 

- determining the fluorescent emission at a particular wave- 
5 length which is indicative of the amount of binding between 

che periplasmic molecular chaperone or the analogue thereof 
and the pilus subunit or the equivalent thereof, and 

- comparing the determined fluorescent emission to fluores- 
cent emission determined in a corresponding second system 

0 containing substantially the same concentrations of the 
molecular chaperone or the analogue thereof and the pilus 
subunit or the equivalent thereof but substantially no sub- 
stance, 

a significant difference in fluorescent emission between the 
first and second system being indicative of interaction 
between the periplasmic molecular chaperone or the analogue 
thereof and the substance. 

10. A method according to claim 9, wherein the determination 
of fluorescent emission in the second system is performed a 
plurality of times at varying molar ratios between the pilus 
subunit or the equivalent thereof and the periplasmic chape- 
rone and the equivalent thereof, whereupon the constant of 
binding between the pilus subunit or equivalent thereof and 
the periplasmic molecular chaperone or analogue thereof is 
assessed from the determined fluorescent emission data. 

11. A method according tc claim 9 or 10, wherein the determi- 
nation of fluorescent emission in the first system is per- 
formed a plurality of times at varying molar ratios between 
the substance and the periplasmic chaperone and the equiva- 
lent thereof, whereafter the constant of binding between the 
substance and the periplastic molecular chaperone or analogue 
thereof is assessed from the determined fluorescent emission 
data. 
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12. A m-thod according to any of claims 6-11, wherein the 
equivalent of the piius subunit is Gl'-i9'wr, M3P-G1'-140' 
or G12S'-14 0' and the periplasmic molecular chaperone is 
FapD. ^ . 

5 13. A method according to any of claims 8-12, wherein the 
living, tissue adhering pilus-forming bacteria are of a 
protease deficient strain, the protease being one which is 
least partially responsible for the degradation of pilus 
subunits 



10 



14. A method according to claim 13, wherein the protease 
deficient strain, is a deg?41 strain. 



15. A method for identifying and/or designing a substance, X, 
capable of interacting with a periplastic molecular chapero- 
ne, e.g. binding to the periplasmic molecular chaperone, with 
15 a predicted binding free energy equal to or better than a 
predetermined threshold value, the method comprising 

1) selecting a substance, A, which could potentially inter- 
act with a site in the periplasmic molecular chaperone, 
and providing a 3 -dimensional structural representation 
20 thereof. 



2) 



predicting the binding free energy between the substance 
A and the site in the periplasmic molecular chaperone or 
a site analogous to such a site, 



25 3) if the predicted binding free energy between the sub- 
stance A and the site in the periplasmic molecular chape- 
rone or the analogous site is equal to or better than the 
predetermined threshold value, then identifying the 
substance. A-as- the substance X, 

30 4) if the predicted binding free energy between the sub- 
stance A and the site in the periplasmic molecular chape- 
rone or the analogous site is not equal to or better than 
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a predetermined threshold value, then modifying the 3- 
dimensionai structural representation and predicting the 
binding free energy between the thus modified .substance, 
3, and the site in the periplastic molecular chaperone c 
the analogous site, and 



S) 



repeating step 4 until the predicted binding free energy 
determined between the resulting substance, X, and the 
site in the peripiasmic molecular chaperone or the ana- 
logous site is equal to or batter than the predetermined 
0 threshold value. 

IS. A method for identifying and/or designing a substance, Y, 
■ capable of interacting with a periplastic molecular chapero- 
ne, e.g. binding to the peripiasmic molecular chaperone, with 
a binding free energy equal to cr better than a predetermined 
threshold value, the method comprising 

1) Identifying a substance, X, according to the 'method' of 
claim is, and 

providing a sample of the chemical substance X and a 
sample of the peripiasmic molecular chaperone or an 
analogue thereof and measuring the binding free energy 
between, the chemical substance X and the peripiasmic"* 
molecular chaperone cr analogue thereof, and establishing 
that the measured binding free energy between the chemi- 
cal substance X and the peripiasmic molecular chaperone 
or analogue thereof is equal to or better than the prede- 
termined threshold value, and then identifying the sub- 
stance X as the substance Y, and optionally 

subjecting the substance Y to the method according to any 
-of claims -«-i-4 to- verify-that the substance Y is a poten- 
tially therapeutically useful substance capable of inter- 
acting with a peripiasmic molecular chaoerone. 



2) 



3) 
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17. A method according to claim 15 or 16, wherein the bindinc. 
free energy is predicted by 

assessing the average energy difference, <4Vf? s >, definad as 
<v £-*>3 " <v I^>a. "between the contribution from polar inter- ■ 
actions to the potential energy- between the cheniical sub- 
stance X and its surroundings (denoted s) in two states, cne ' 
state (A) being where the chemical substance is surrounded by 
solvent, the other state (3) being where the chemical sub- 
stance, bound to the sice in the periplasnic molecular chape - 
rone or bound to a site analogous to such a site, is sur- 
rounded by solvent, 



assessing the average energy difference, defined as 

<v x%>* - <Vjc%>a, between the contribution " from non-polar 
interactions to the potential energy between the chemical 

15 substance X and its surroundings (denoted s) in two states, 
one state (A) being where the chemical substance is sur- 
rounded by solvent, che other state (B) being where the 
chemical substance, bound to the sice in the periplasmic 
molecular chaperone or bound to a site analogous to such a 

20 site, is surrounded by solvent, and 

calculating the absolute binding free energy as an adjusted 
combination of the two above-mentioned average energy diffe- 
rences . 

18. The method according to claim 17, wherein the site in the 
!5 periplasmic molecular chaperone is the pilus subunit binding 
part of a periplasmic molecular chaperone, such as the pilus 
subunit binding site of a periplasmic molecular chaperone 
selected from the group consisting of PapD, FimC, SfaT, FasS, 
FanE, CS3>1, F17D, ClpS, EcpD. Mrkb, FimS, SefB, HifB,,Myf3, 
0 PsaB, PefD, YehC, MrpD, CssC, NfaE, AggD and CaflM,- or an 
analogue of such a pilus subunit binding site. 
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IS. The method according to claim 18, wherein the sice < n eh* 
periplastic molecular chaperone is a pilus subunic binding *" 
site of PapD or an analogue thereof. 

20. The method according to any of claims is -19, whe-eir. the 
substance A is chosen by performing the following steps: 

- co-crystalli 2 ing the periplastic molecular chaoerone o- 
the analogue cherecf with a ligand capable of Interact ina 
with a site in the periplastic molecular chaoerone o- the 
analogue thereof and establishing the three-dimensional 
conformation of the periplasmic molecular chaoerone o- 
the analogue thereof and the ligand when interacting bv 
means of X-ray crystallography, """"" 

- using the above -established Conformation of the oeriolas- 
mic molecular chaperone. or the analogue thereof to escab- 

15 lish a 2 -dimensional representation of the site in th- 

• periplasmic molecular chaperone or the analogue the -el? 
interacting with ths ligand during binding, 

- selecting a number of distinct chemical groups, XI, ard 
determining the possible spatial distributions o' the X^ 
chemical groups which maximizes the binding free en-rgv 
between the chemical groups and the site in the chaoerone 
or the analogue interacting with the ligand, 

extracting, from a database comprising three-dimensional 
representations of molecules, a molecule which has t>* X< 
chemical groups in the possible spatial distributions 
determined above, 

- optionally modifying the 3 -dimensional representation c* 
.the.-molecule extracted from the database, and " 

identifying the optionally modified molecule as the substance 
30 A. 



20 
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21. A method according to claim 20. wherein the liga-d is a 
pilus subunit or a part thereof with which the periolasm'c 
molecular chaperone normally interacts during transport of 
the pilus subunit through the periplastic space and/or du-inc 

5 pilus assembly. " - 

22. a novel compound of the general formula: 




wherein 

Vj is O, S, SO, S0 2 , CK 2 , C<0H)H, CO or CS; 
10 W x is O, S, S0 2 , SC 3 , CK 2 or NH; 

R x is H; ^..4 alkyl, q. 24 alkenyl or q. 24 alkvnyl, which 
alkyl, alkenyl and alkynyl nay be substituted with one or 
more substituents independently selected from OH, -CONK, 
-CSNH 2 , -CONKOH, -CSNHOK, -NHCHO, -NHC0NH 2 , -NHCSNH 2 , 
15 -NKSO^ and -S0 2 NK,; acyl; or - (CK 2 CK 2 0) 8 .K. wherein s « 
1,2,3; 

R 2 is a group of the formula 
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wherein 

A is -CH-(CH 2 ) n -, or -CH-CH-tCK,),^- ( n >0) or 
-CK-(CK 2 ) n -; 

5 Y 2 

3 is - (CK 2 ) m - or =CH- (CK^m-i- {jt>0) . 

X 2 is N # . GH or C (when B is =CH- (CH 2 ) B . ± . - and 

Y 2 is 0, S, NH, h 2 or K (n=i) ; and 

4>m+n>0. r.<3, and ir.<3; 

10 or R 2 is a group of the foraula 




wherein 

A is -CH : (CH 2 ) a -, or -CH=d. (CK 2 ) a . 1 . fn>0 ) or 
-CH-(CH 2 ) R -; 
II 



is y 2 



a is -(CH 2 ) ffi - or *CK- (CHj)^- ( m>0 ); and " 

X' 2 is .O, NH, CH 2 or S (when p=0) ; N or CH (p-1) ; or C 

(when p-l and B is =CH- (CH 2 ) m . x -) ; 

v 2 , 2 2 and w 2 are independently H, OH. -C0KH 2 . -CSNK,, 
20 -CONHOH, -CSNHOH, -NKCHO, -NHCONB 2 , -NHCSNH 2 , 

-NHS0 2 NK 2 , -S0 2 NH 2 . or V 2 and Z 2 , or 2 2 and W 2 together 
... form -NHC (Q) NH- ,.. -CmWCm--. i ~--*8SiQtf MH- -C(0)NHO-, 
-C(S)NHO-, -S(0 2 )NH0-. or -S (0 2 ) NHC(O) • ; 
4>m+n>0, n<3, and m<3; 
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or R 2 is a group -W 5 - (C^ alkyl or C 2 . s alkenyl or C 2 . s 
aiJcynyl) wherein W s is a bond or is selected from -0-, -S-, 
-S0 2 -. and -NKC(O)-, and the q. 8 alkyl, C 2 . s alkenyl or C 2 .' 5 
alkynyl moiety may he substituted with u? to three groups 
5 selected independently from OH, -CONH 2 , -CSNH 2 , -CONHOH, 
-CSNHOH, -NHCHO, -NHCONK 2 , -NHCSNH 2 , -NHS0 2 NK 2 and -S0 2 NH 2 ; 

-Z 1 -R 3 is -S0 2 (OH), -PO(OK) 2 , -0S0 2 (0K), -NHS0 2 (OK) , 
-SP0(0H) 2 , -CH 2 CO0H, tetrazol-5-yl or tetrazol-5-ylmethyl, o: 
salts thereof; 

10 or 2, is -0-, -S-, -NK-, or -CH 2 -, and R, is a grouo of the 



forarula: 



v 






D is -CH 2 -, -CO-, r.S0 2 -, -NH-S0 2 -, -NK-CO-. -O-PO(OK)- or a 
salt, thereof ; 

Z 3 is H, OH, -CONH 2 , -CSNH 2 , -CONHOH, -CSNHOH, -NHCHO, 
-NHC0NH 2 , -NHCSNH 2 , -NHS0 2 NH 2 , -S0 2 NK 2 , -SO. (OH), -PO(OK),, 
-OS0 2 (OH), -NHS0 2 (OH), -COOH. tetrazolyl - S -yl or tetrazo- 
lyl -5 -y line thyl or a salt thereof. 
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with the proviso that when D is - CK 2 - , -CO-, -S0 2 -, -NHSO-- 
or -NKCO-, then Z 3 is -S0 2 (OK) , -PO(OH) 2 , -0S0 2 (0H)', 
-NHS0 2 (0H), -COOH, tetrazolyl-5-yl or tetraaclyl-s-'ylmechyl 
or a salt thereof; 

S X 3 and Y 3 independently are E. N0 2 . S0 2 NK 2 , C0NK 2 , CF 3 or F; 
and 

U 4 -W 4 is -CKCS-, -CK 2 CE 2 -, -C(OK)CK-, -CKC(OK)-, 
-CH(OH) C-: 2 -, -CH 2 CH(OK)-, -CK (OK) CH (OK) - , : C(0)«K., 
-NKC (O) - ; 

10 Y x is -0- or -£-; 

E 4 is H or, when Y, is £, S (CK 2 ) gN(R g ) 3 * and q is an integer 
2-4, where R g is H or CK 3 ; 

R s is E; q. 6 alkyl, C 2 . 6 alkenyl or C 2 . s alkynyl, and the C-. 6 
alkyl, C 2 . 6 alkenyl or C 2 . 6 alkynyl moiety may be substituted 

15 With OH, -C0NH 2/ -CSNH 2 , -C0NK0H, - CSNHOK , - NHCHO , -NHC0KK 2 , 
-NHCSNH 2<i -NKS0 2 NK 2 or -S0 2 KK 2 ; or aryl, aryl (C,. 2 ) alkyl, 
heterocyclyl, or he terocy cly 1 (c x . a ) alkyl which mav ontionally 
be substituted in the aryl or heterocyclyl moieties with cne, 
two or three substituents selected independently from OH, F, 

20 CI, NK 2 , C0NH 2/ NHCOK, and S0 2 NK 2 ; 

X x is -0-, -S- or -HH-j 

R 6 is H or, when X 2 is NK, acyl, EOCNH-Val -Met - , HOCNK-Zle- 
(S,S) -dioxo-methionyl- or HOCNK-Val- (pyran-4-on-2-yl) -ala- 
nyl-; 

25 or a salt thereof. 

23. A novel compound of the general formula 
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2 t3 R lS 



RuZ 




R i2 ZnRn 



wherein 



X is 0, P, P(O), S. SO, S0 2 , CK,, C(OH)E. cr a grcup NQ, , , 
wherein Q X1 is H, OH, C... 24 acyl or C,_ 24 alkyl; 

5 Z X1 is a bond, C, CH 2 , S, SO, SC 2 , or a grcup NQ 12 , wherein 
Q 12 is K, acyl or C lm2< alkyl; 

R,, is a; C.. 24 alkyl, q. 24 alkenyl, or q. 24 alkynyl, which 
nay be substituted with one ore more substicuents indepen- 
dently selected from -OH, -COOH. -F, -CI, -CONK 2 , -CSNK 2 , 
10 -C0NH0E, -CSNHOE, -NHCHO, -NHC0NE 2 , -NHCSNE 2 , -NKS0 3 NK2 atd 
-S0 2 NH 2 ; acyl; or - (CE 2 C3 2 0) 6 -H, wherein s » 1, 2, or 3 ; 

or R X1 is C-:=CH-(CH 2 ) n ,-Q 13 or - {CK 2 ) C . -Q, 3 , wherein Q 13 is an 
aryl or a heteroaryl group substituted with OK, COOH, F, CI, 
-CONH 2 , -CSNH 2/ -C0NH0H, -CSNHOE, -NHCHO, -NECCNH 2 , -NHCSNH 2 , 
l£ -NHS0 3 NH2 and -S0 2 NH 2 , and wherein n' a oy 

R. 2 and R 13 are independently OH, H, f, CI, OW 11# or OCCOJW^ , 
wherein W X1 is q. 24 alkyl, q. 24 alkenyl or alkynyl, or 

an aryl or a heteroaryl group substituted with -OH, -COOK, 
-F, -CI, -C0NE 2 , -CSNH 2 , -CONEOH, -CSNHOH, -NHCHO, - NHCONE 2 , 
20 -NHCSNK 2 , -NHS0 3 NH2 and -S0 2 NE 2 ; 

2 i2 is a bond, 0, S, or CH 2 ; 



R. 4 is - (CK 2 J n ,.-Q 14 , wherein Q 14 is an aryl group or a hete- 
roaryl group substituted with -OK, -COOH, -F, -CI, -C0NS 2 , 
-CSNH 2 , -CONHOH, -CSNHOH. -NHCHO. -NHC0NK 2 . -NHCSNH 2 , 
25' -NHS0 3 NH2 and -S0 2 NH 2 , and wherein a" -0, 1, 2, or 3; 
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' Z13 is a bend, O, C K s, SO, S0 2 , NO o ,u 
r ■» 2 wy i4QiS' herein 0, i<: u 

Cx. 24 acyl cr q. a4 alkyl, andQ 15 is co or . C(0)w °" " ' 
W l2 is 0 cr nw 13 , wherein w is 5 C(0, "X2, wherein 

alkyl; * 3 ' ° H ' Cl '24 acyl or C x . 24 

S R 15 is H; C 1 . 24 alkyl, c, ,. alkeavl o- r 

axxyi, alkenyl and alkynyl may be substituted v'th one «- 

mors substituents independently «ti-f d „ ° 2 
c y se.e^tea front, -OH. -cook 

-F, -a. -C0NH 2 , -CSNE 2 , -C0NK0H. -CS.VKOK, -NFC-0 -^COv' 
*NHCSNH 2 , -NH^-and -SC 2 NK 2 ; acyl or Wc7o') " 
10 i ft s - l, 2, or 3; <c.i 2 cr. 2 0> 6 -n, where- 

or R 1S is CHpCH- {CK 2 J^..Q.,, c- -(CW 1 n 
aefined above and wherein n' * 0; 

or a salt thereof. 

15 24. a compound accordina to clairr 22 nr „ u • ^ 

prevention JbW w...' " ° r 23 • which causes a 

^ lb ^— enhancement of the binding of G1-- 
19 WT to PapD, and/or causes a preve— io~ • , ' 

« of £T a ;=r 

causes a prevention, i-h-h---,Vn w c/or 

25. a novel pyrar.osid= o- s ^ 

fmil -,. h ~ a salt thereof, which is seiect-d 

from the group consisting of - _a 

Ethyl 2,3 -O-Dibenzoyl-4 -0-ben 2 vl.i-thi Q fl^ 1 , 
25 side; 1 thio./?-D-glucohexopyrano- 

^^^-,.3-O.^ 1 . 4 . 0 . bMtyl . l . i!iie . # . l( . sitteo . 

30 2- (Hydroxy) ethvl 4-o-bensv' -•?--> 

. *" 3 *3lucopyranoside; 
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Methyl 2-0-ethylOO-dimethyl-t-butylsilyl-4,6-C- (4'-ne- 
thcxy) ?henylnethylene-a-D-rnannbhexopyranoside; 
Methyl 2-0-ethyl.3.0-dimechyl-t-bucyl9ilyl.4 l -0- (4'-methoxy) 
benzyl -a- D-macnchexopyranoside; 

5 methyl 2.0-ethyl-3-0-dimethyl.t-butylsilyl-6.0- (4'-methoxy) - 
benzyl - a -D-mannohexopy ranoside; 

Methyl 2-0-ethyl-3-0-dimerhyl-t-butylsilyl-4 l -o- (4' -methcxy) 
benzyl - 6 (S) -phenyl -a-D-mannohexopyranoside; 
Me thy 1 2 , 3 - anhydro - 4 , 6 - C - p - me thoxybenzyl idene - a - D - marmooy - 
10 ranoside; 

Me thyl 3-azido-4, 6-O-p- me t hcxybenzy 1 idene -a-D- al t r oovrano - 
side; 

Methyl 3-azido-2-0-ethyl-4, 6-0-p-methoxybenzylide::e-Gr-D- 
al tropyranoside ; 

15 Methyl 3-azidoO-decxy-2-0-ethyl.4-0-p-rnethoxybenzyl-of-D- 
al t ro - pyranos id ; 

Methyl 3-azico-6-0-be^zoyl.3-deoxy-2-0-ethyl-4-0-p-methoxy. 
benzyl - a - D - al t ropyranoside ; 

Methyl 6-0-benzoyl-3 -decxy-2-0-ethyl-4-0-p-methoxybenzyl-3 - 
20 s^ulfanino-Qf-D-altropyranoside sodixm salt; ■■ . 

Methyl 6-0-benzoyl-3-deoxy-2-0-ethyl.3-sulfandno-a-D-altropy- 
ranoside ammonium salr; 

Methyl 3-azido-6-0-pivaloyl-3-deoxy.2-0-ethyl-4-0-p.nethoxy- 
b en zy 1 -cr-D-alt r opy r ano side; 

25 Methyl S-0-?ivaloyl-3-deoxy-2.o-ethyl.4-0-p-ir.stho^beazyl-3- 
sulfamino-a-D-altropyranoside sodium salt; 

Methyl 6-0-pivaloyl.3-deoxy.2-0-ethyl-3-sulfamino-a-D-altro- 
pyranoside amnonium salt; 

Methyl 6-0-pivaloyl-3-deoxy.2-0-ethyl.4-0-p-methoxybenzyl-3- 
3 0 t bu tyloxamido -a-D-al tropy r ancs ide ; 

Methyl 6-0-pivaloyl-3-deoxy-2- O-ethyl-3 -oxamido-a-D-altrcpy- 
ranoside ammonium salt; 

Methyl 3-azido-6-0-pyrrol-3 ' -ylcarboxyl-3-decxy-2-0-ethyl-4- 
0 - p -me thoxybenzyl - a - D - al tropy ranoside ; and 
35 methyl 6- 0-pyrrol- 3 ' - yl carboxyi - 3 -deoxy r 2 .O- ethyl - 3 - sulf ami - 
no-a-D-altropyranoside ammonium salt. 
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1 26. A method for identifying a binding si =e in a parioiasm'c 
molecular chaperona or an analogue thereof ,. comprising 

co-crystallizing the periplas:nic~mdlecular chaperone or an 
analogue thereof with a ligand binding to the periplastic 
5 molecular chaperona or the analogue thereof, " 

resolving the three-dimensional structure of the chace- 
rone/ligand interaction, thereby resolving the tfeaV- dimen- 
sional structure of the periplasmic molecular chaperons or 
the analogue thereof when binding to the ligand, 

10 determining the site-point (s) involved in the 

intermolecular interaction between the periplasmic molecu- 
lar chaperona or the analogue thereof and the ligand, ar.d 

■ identifying the thus determined site-point (s) of the peri- 
plasmic molecular chaperone or the analogue thereof as a 
binding. site in the periplasmic molecular chaperone or the 
analogue thereof. * 
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27.. A pharmaceutical composition, comprising, as an active 
compound, a substance capable of interacting with at least 
one type of periplasmic molecular .chaperone which binds pi^us 
subunits during transport of these pilus subunits through th» 
periplasmic space, and/or during the process cf assembiy"of 
th e> intact pilus, in such a manner that, bindina of pilus' 
subunits to the periplasmic molecular chaperone is prevented, 
inhibited or enhanced, in combination with at least one 
pharmaceutical^ acceptable carrier or excipieht. 

28. A pharmaceutical composition, comprising, as an active 
compound, a substance according to any of claims- 22-25 or a 
substance identified according to the method in any of daims 
8-21, in combination with at least one pharmaceutically 
30 acceptable carrier or excipient. 
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• 34. A substar.ce according to any of claims 31-33 vKch ha- 
been identified according co che method as claimed if." \, 
Cla^ 8-21 or which is a compound according co any o, ^ 

5 £h« r ° f ' SUbStanCS WhiCh iS Capable ° f ^eraccinc 
^ich I T S -f ^ ° f PSripl ^ C "»»r chaperons" 
which binds pilus suhunits during transport of the,. P - u = 
subunits through the periplastic space ar.d/o>- du-n~ th- " 

io tfff f aSSeirily ° f the intact pilus ' in such * ~ 
10 that binding of piles subunits to the periplastic mclec-^- 

Chaperone is prevented, inhibited or enhanced, for t^ ZV. 
paratxen cf a pharmaceutical composition for the c*-.t*£" 
and/or prophylaxis cf bacterial infection. 

36. The use according to claim 35, wherein the binding — 
is a binding site to which the carboxyl terminal oart oi'l 
pUus subunit is capable of binding, and which comprises site 
pents substantially identical to the invariant residu- 
Arg-8 and Lys-112 in PapD, and a polypeptide fragment icr - 
-capable cf interacting with a /J-strand of the carboxyl ' 
terminal part cf the pilus subunit, thereby stabilizing^ 
binding of said subunit at the Arg-8 and Lvs-112 s<t« o~f- s 
of the binding site. . " P S 

37. The use according-to claim. 35 cr 36, wherein the sub- 
stance has been identified according to the method as claimed 
« any of claim, 8-21 or wherein the substance is a comcound 
according to any of claims 22-25. 
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• 29. A pharmaceutical composition according to claim 28 wh'ch 
further comprises at least one additional pharmaceutical 
subscance. 

30. A pharmaceutical composition according to claim 29 
wherein the at least one additional pharmaceutical substance 
is .an antibacterial agent selected from the group consisting ' 
of penicillins, cephalosporins, aminoglycosides, sulfona- 
mides, tetracyclines, chloramphenicol, polymyxins, antimyco- 
bacterial drugs and urinary antiseptics. • 

31. A substance for use as a pharmaceutical, the substance 
being capable of interacting with at least one type of peri- 
plastic molecular chaperone which binds pilus subunits during 
transport of these pilus subunits through the periplasmic 
space. : ,and/or during the process 'of assembly of" the* intact 
pilus, in such a manner that binding of pilus subunits. tc the 
periplasmic molecular chaperone is prevenced, inhibited cr 
enhanced. 

32. A substance according to claim 31, wherein the binding 
site is a binding site to which the carboxyl terminal oarc o- 
a pilus subunit is capable of binding, and which comprises 
site points substantially identical to the invariant residues 
Arg-8 and Lys-112 in PapD, and a polypeptide fragment which 
is capable of interacting with a 0-strand of the carboxyl 
terminal part of the pilus subunit, thereby stabilizing the 
25 binding of said subunit at the Arg-8 and Lys-112 site points 
of the binding site. 

33. A substance according to claim 32 which causes a preven- 
tion, inhibition or enhancement of the binding of Gl'-!9'W7 
to PapD, and/or causes a prevention, inhibition cr enhance - 
30.„ment .of -the . binding of M3?-c-i4fr'--to PapD, and/or causes a 
prevention, inhibition or enhancement of the binding of 
G125'-140' to PapD and/cr causes a prevention, inhibition or 
enhancement of a pilus subunit to PapD. 



20 



WO 95/14028 



PCT/US94/13455 



1/24 



E 
c 

in 



c 

TJ 

c 

s 

n 

c 

ra 
a. 



0.4 n 



100 200 
PapD (pmol/weli) 




Fig. 1A 



0.4i 



in 



in 

$ 

c 
T3 
c 

3 

Q 

Q. 

<0 




100 200 
PflpO. .(^moJ/well) 



Gr-Wemlde 



GV-16* . 

GV-ir 

G2'.2ramlda 
*G1'-7' 



Fig. 1B 



ZCClD: <WO M1-*028A2J.» 



2/24 



PCTAJS94/13455 



+ 

a 



y 



) 



A 

| 



U2 

y y 

ii 



u S ^ ^ 

I 7 7 7 

^ ,5 5 5 



o 



o 



o 



c 

CM 



JP3 

CN 
O 



III 

-I / I I I 
° I I / M 



< 

CM 

d) 



XSOOCta <WO_95!402SA2J.» 



WO 95/14028 



PCT/US94/13455 





SOOCIO: «WO_951402BA2J i » 



WO 95/14028 



FCT/US94/13455 




<SOOCID: «WO S5HC28A2_r_> 



WO 95/14028 



PCT/US94/13455 




SGCC:a <WO_«5I4028A2J.» 



WO 95/14028 



PCT/US94/13455 



8/24 



protein 

NH 




'nh 3+ Lys-1 12 



solvent 



. 9 A 




Fig. 9B 



OSugaj 



sugar-O 



»ug*r-0 



W '*» 



N 



O- 



v 

d 




sVSIOCJO: <WO 95t402BA2J.» 



WO 95/14028 



PCT/DS94/13455 



OH 

V OH 
HO'VA-l-0 

hoX— kA 



OMe 



10/24 



a 



MeO 




OMe 



McO 




bpyJ9;1 



OMe 



J 



MeO 

. Me^^BuSiO 
bpy_9;2 



pMBnO -*\ o • J P MBn = 4-MethoxybenzyI 

Me 2 ^uSio\^-X\ 

and j , 

HO — V 
pMBnO— T-A-l-O 
Mc^uSiOA— 

bpy_9:3 OMe 



e 




Me,'BuSiO 



OMe 



J 




OMe 




pMBnO 
Mcj'BuSiO 



9 



bpy_9:4 OMe 




HO 
Me 2 «BuSiO 



bp/_9;5 OMe 



a P-MeOPhCH(OMe) 2 ,TsOH/MeCN 
b Etl, NaOH, NBu 4 HS0 4 /CH 2 CI 2( H 2 0 
c «BuMe 2 S»0Tf, Et 3 N / CH 2 CI 2 or «BuMe 2 SiCI/ pyridine 
d NaCNBH 3 , Me 3 SiCI / MeCN 

or NaCNBH 3 , HCI(Et 2 0) / Et 2 0 
e DMSO, P 2 0 5 Et 3 N / THF 
t PhMgCI /THF 

9 CAN/ MeCN, H 2 Q PlQ 11 



0OC!0:«WO_ 951«026A2J.> 



WO 95/14028 



■ \ 

PCT/US94/13455 



11/24 



i 




tSOOCltt <WO 95t402eA2J.» 



WO 95/1 



PCT/US94/13455 




3CID: <WO_95140?3A2.L> 



WO 95/14028 



PCT/US94/13455 




ISOCCID: <WO 951*02BA2J_> 



WO 9; 



PCT/US94/13455 



14/24 



1 






4 



c 
E 




LO 
LL 



o 



CD 
C 

S 



© 
c 

a 
o 

£ 

a 



SOOu.cc 



0> d) 

c .5 
a Q. 



o 

a 



o ^ w ^ 

< 8 asSS 

* * - E 



0) 

S 

o 

co 



SOOCIft <WO SSt«J2BAJ.I.» 



WO95/14028 



PCTAJS94/13455 




SOCCTtt <WO 9514C28A2J_» 



WO 95/RiL* 

PCT/DS94/13455 



16/24 




c 

o 



S0OCI0: «W0_95I4028A2_I_» 



WO 95/1402$ 



PCT/DS94/13455 



17/24 



CD h 

CO W 

£ IN 

o c 

rt o 



' i I 

— 



l«mn.tl«M..mtt ....I.. rl 



-a 



mTTTTH 



CD 

CO 



■5< 



C/5 



CO 



03 



P5 



CM 

CO 



CO 

cb 
i 



CO 
I 



o o o o o ' o * O 
CD la co cm 



o 



00 

6) 



c 



COCO: <WO_SSH0»A2.l_» 



WO 95/1402* 



PCT/US94/13455 



1 8/24 




'SOOClO: <WO S5i*C28A2J.> 



WO 95/1402* 



PCI7US94/13455 



19/24 



H 2 N 

PapG'L- 



C4S 



Bglll 
I 



Hindi 
X 



.COOH 



CJ17 



i — r~ 

Cl9$ C228 



|msp/G Fuslonsl 



MBP 



295 



ESSSSSgSSSSggq MBP/Gri9' 



175 



3 MBP/GT-8T 



J MBP/G1M40' 




PapG3t 



PapG 
Truncates 



SlteZ 



1SS QHHYYOLWQOHYWPY 1 74^ ,e5 



Sit.1. 
1 

GKRKPGELSGSMTMVLSFP 
95 



OOC1& <WO 951 40S8A2.I.* 



Fig. 20 



W09S7IW 

PCT/US94/13455 



20/24 

r 




Fig. 21 A Fig. 21B 



Pi 1 
6£. 



3 4 




— PapD-MBP/Gr-140' 
j MBP/G Fusions 



MW 

0«Da) J 

4$. •* MBP/G1M40" 



30- 
21- 



-*PapD 



Fig. 21 C 



14. 



Fig. 21 D 



JOOCiO. <WO 9514028A2J.* 



WO 95/14023 



PCTAJS94/13455 



21/24 



MW 

(kDa) 12 3 4 
21- 



-*PapA 



14. 



Fig. 22A 



MW 

(kDa) 1- 2 




30- ^ S 



Fig. 22B 



MW 

(kDa) 1 2 3 



21. 



14- 



. , WapK 
— ^apE 
T»apF 



Fig. 22C 



OClO: <WO 95l4C2flA2.l_> 



PCT/USW/1W55 





«< PapD-MBP/Gr-140' 
] MBP/G Fusions 

Fig. 23A 




MBP/G1'-140' 

MBP/Gl'-Sr 

MBP/G1M9* 
MB? 



and .MBP/G protein concentratl n 

Fig. 23B 



(pmol/well) 



WO 95/14028 



PCT/US94/13455 



23/24 

I 
J 



1 2 3.4 1 2 3 4 




PapD papG 
antisera antisera 



HSOOC3D: <WO 9514028A2_I_» 



Fig. 24 




OCIO: «VVO__95i*C28A2.L» 



Fig. 25 



